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Pri m at es o c c ur i n 9 0 c o u ntri es, b ut f o ur — Br a zil,  M a d a g as c ar, I n d o n esi a, a n d t h e
D e m o cr ati c  R e p u bli c of t h e  C o n g o ( D R C) — h ar b or 6 5 % of t h e  w orl d’s pri m at e
s p e ci es ( 4 3 9) a n d 6 0 % of t h es e pri m at es ar e  T hr e at e n e d, E n d a n g er e d, or  Criti c all y
E n d a n g er e d (I U C N  R e d List of  T hr e at e n e d S p e ci es 2 0 1 7- 3).  C o nsi d eri n g t h eir
i m p ort a n c e f or gl o b al pri m at e c o ns er v ati o n,  w e e x a mi n e t h e a nt hr o p o g e ni c
pr ess ur es e a c h c o u ntr y is f a ci n g t h at pl a c e t h eir pri m at e p o p ul ati o ns at ris k.  H a bit at
l oss a n d fr a g m e nt ati o n ar e  m ai n t hr e ats t o pri m at es i n Br a zil,  M a d a g as c ar, a n d
I n d o n esi a.  H o w e v er, i n  D R C h u nti n g f or t h e c o m m er ci al b us h m e at tr a d e is t h e
pri m ar y t hr e at. E n cr o a c h m e nt o n pri m at e h a bit ats dri v e n b y l o c al a n d gl o b al  m ar k et
d e m a n ds f or f o o d a n d n o n-f o o d c o m m o diti es h u nti n g, ill e g al tr a d e, t h e
pr olif er ati o n of i n v asi v e s p e ci es, a n d h u m a n a n d d o m esti c- a ni m al b or n e i nf e cti o us
dis e as es c a us e h a bit at l oss, p o p ul ati o n d e cli n es, a n d e xtir p ati o n.  M o d eli n g
a gri c ult ur al e x p a nsi o n i n t h e 2 1st c e nt ur y f or t h e f o ur c o u ntri es u n d er a  w orst-
c as e-s c e n ari o, s h o w e d a pri m at e r a n g e c o ntr a cti o n of 7 8 % f or Br a zil, 7 2 % f or
I n d o n esi a, 6 2 % f or  M a d a g as c ar, a n d 3 2 % f or  D R C.  T h es e pr ess ur es u nf ol d i n t h e
c o nt e xt of e x p a n di n g h u m a n p o p ul ati o ns  wit h l o w l e v els of d e v el o p m e nt.  We a k
g o v er n a n c e a cr oss t h es e f o ur c o u ntri es  m a y li mit eff e cti v e pri m at e c o ns er v ati o n
pl a n ni n g.  We e x a mi n e l a n ds c a p e a n d l o c al a p pr o a c h es t o eff e cti v e pri m at e
c o ns er v ati o n p oli ci es a n d ass ess t h e distri b uti o n of pr ot e ct e d ar e as a n d pri m at es
i n e a c h c o u ntr y. Pri m at es i n Br a zil a n d  M a d a g as c ar h a v e 3 8 % of t h eir r a n g e i nsi d e
pr ot e ct e d ar e as, 1 7 % i n I n d o n esi a a n d 1 4 % i n  D R C, s u g g esti n g t h at t h e gr e at
m aj orit y of pri m at e p o p ul ati o ns r e m ai n v ul n er a bl e.  We list t h e k e y c h all e n g es f a c e d
b y t h e f o ur c o u ntri es t o a v ert pri m at e e xti n cti o ns n o w a n d i n t h e f ut ur e. I n t h e s h ort
t er m, eff e cti v e l a w e nf or c e m e nt t o st o p ill e g al h u nti n g a n d ill e g al f or est d estr u cti o n
is a bs ol ut el y k e y. L o n g-t er m s u c c ess c a n o nl y b e a c hi e v e d b y f o c usi n g l o c al a n d
gl o b al p u bli c a w ar e n ess, a n d a cti v el y e n g a gi n g  wit h i nt er n ati o n al or g a ni z ati o ns,
m ulti n ati o n al b usi n ess es a n d c o ns u m er n ati o ns t o r e d u c e u ns ust ai n a bl e d e m a n ds
o n t h e e n vir o n m e nt. Fi n all y, t h e f o ur pri m at e r a n g e c o u ntri es n e e d t o e ns ur e t h at
i nt e gr at e d, s ust ai n a bl e l a n d- us e pl a n ni n g f or e c o n o mi c d e v el o p m e nt i n cl u d es t h e
m ai nt e n a n c e of bi o di v ersit y a n d i nt a ct, f u n cti o n al n at ur al e c os yst e ms.
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A r e c e nt e v al u ati o n of pri m at e s p e ci es  w orl d wi d e i n di c at e d t h at  m or e t h a n h alf ar e f a ci n g
n e ar-t er m e xti n cti o n d u e t o u ns ust ai n a bl e h u m a n a cti viti es ( Estr a d a et al., 2 0 1 7 ).
A c c or di n g t o t h e I U C N  Re d List,  wil d pri m at es o c c ur i n 9 0 c o u ntri es a cr oss t h e
N e otr o pi cs,  Afri c a, a n d  Asi a. Si xt y- ﬁ v e p er c e nt of pri m at e s p e ci es ( 2 8 6 of 4 3 9 s p e ci es),
h o w e v er, ar e f o u n d i n o nl y f o ur c o u ntri es,  — Br a zil,  M a d a g as c ar, I n d o n esi a, a n d t h e
D e m o cr ati c  R e p u bli c of t h e  C o n g o ( D R C) ( I U C N, 2 0 1 7). B as e d o n a c o m pr e h e nsi v e
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 2/ 5 7
lit er at ur e r e vi e w,  w e c o m p ar e t h e a nt hr o p o g e ni c pr ess ur es f a c e d b y e a c h of t h es e f o ur
c o u ntri es t h at pl a c e pri m at e p o p ul ati o ns at ris k, a n al y zi n g diff er e n c es a n d si mil ariti es
aff e cti n g l a n d c o v er c h a n g es c a us e d b y a gri c ult ur al e x p a nsi o n,  mi ni n g a n d f ossil f u el
e xtr a cti o n, a n d l o c al a n d i nt er n ati o n al tr a d e d e m a n ds f or f o o d a n d n o nf o o d
c o m m o diti es.  We dis c uss t h e i m p a ct of b us h m e at h u nti n g, ill e g al tr a d e a n d z o o n oti c,
h u m a n a n d d o m esti c- a ni m al b or n e i nf e cti o us dis e as es o n pri m at e p o p ul ati o n p ersist e n c e.
T his i nf or m ati o n is a n al y z e d  wit hi n t h e c o nt e xt of a n i n cr e asi n g h u m a n p o p ul ati o n  wit h
l o w l e v els of h u m a n d e v el o p m e nt, i n c o m e i n e q u alit y, p oliti c al i nst a bilit y, a n d  w e a k
g o v er n a n c e.  We  m o d el t h e e x p a nsi o n of a gri c ult ur al d uri n g t h e 2 1st c e nt ur y a n d i d e ntif y
ar e as of e x p e ct e d s p ati al c o n ﬂi ct b et w e e n n e w cr o p pr o d u cti o n a n d pri m at e distri b uti o ns
i n e a c h c o u ntr y.  We pr o vi d e a n e x a mi n ati o n of t h e c o ns er v ati o n v al u e of pr ot e ct e d
ar e as, of h a bit at r est or ati o n, a n d f or est c o n n e cti vit y at t h e l a n ds c a p e l e v el, a n d str ess
t h e i m p ort a n c e of c o m m u nit y  m a n a g e d f or ests,  w h er e a p pr o pri at e, f or pri m at e
c o ns er v ati o n at t h e l o c al l e v el.  We f urt h er dis c uss s o ci all y ori e nt e d c o ns er v ati o n a cti o ns
b y  N G Os a n d g o v er n m e nts f or a v erti n g l o c al pri m at e e xti n cti o n. I n o ur c o n cl usi o n,
w e dis c uss t h e  m ulti pl e c h all e n g es f a c e d b y Br a zil,  M a d a g as c ar, I n d o n esi a, a n d
D R C, as  w ell as t h e gl o b al c o m m u nit y t o e ns ur e t h e c o ns er v ati o n of t h eir u ni q u e
pri m at e f a u n a.
S U R V E Y  M E T H O D O L O G Y
We c o n d u ct e d a t h or o u g h ( at t h e ti m e of  writi n g) r e vi e w of t h e p e er-r e vi e w e d s ci e nti ﬁ c
lit er at ur e.  We i nt e gr at e d t h e  m ost r e c e nt e v al u ati o n f or pri m at e s p e ci es c o ns er v ati o n
st at us i n e a c h c o u ntr y fr o m t h e I nt er n ati o n al  U ni o n f or t h e  C o ns er v ati o n of  N at ur e
(I U C N, 2 0 1 7) a n d i nf or m ati o n fr o m  Gl o b al F or est  Wat c h, al o n g  wit h t h e p u blis h e d
lit er at ur e, t o e v al u at e tr e n ds i n f or est l oss b et w e e n 2 0 0 1 a n d 2 0 1 6 i n e a c h c o u ntr y a n d
its eff e ct as a  m aj or t hr e at t o pri m at e s ur vi v ors hi p. I nf or m ati o n fr o m F A O ( F o o d a n d
A gri c ult ur e  Or g a ni z ati o n of t h e  U N)  w as us e d t o pr o ﬁl e i n d ustri al a gri c ult ur e e x p a nsi o n
i n t h e f o ur c o u ntri es f or t h e s a m e p eri o d.  We c o m pl e m e nt t h es e r es ults  wit h a s u m m ar y
of s p ati al c o n ﬂi ct b et w e e n pri m at e s p e ci es’ distri b uti o ns a n d pr e di ct e d a gri c ult ur al
e x p a nsi o n d uri n g t h e 2 1st c e nt ur y f or e a c h c o u ntr y. S p e ci es distri b uti o ns  w er e o bt ai n e d
fr o m t h e I U C N r a n g e  m a ps (I U C N, 2 0 1 7).  A gri c ult ur al e x p a nsi o n is d eri v e d fr o m
r e m ot e s e nsi n g d at a fr o m I M A G E (I nt e gr at e d  M o d el t o  Ass ess t h e  Gl o b al E n vir o n m e nt;
htt p://t h e m asit es. p bl. nl/ m o d els/i m a g e/i n d e x. p h p/ A gri c ult ur al _ e c o n o m y ) a n d r e pr es e nts
t h e pr e di ct e d pr es e n c e (irr es p e cti v e of t h e i nt e nsit y) of a gri c ult ur al pr o d u cti o n at e a c h
gri d c ell ( 0. 5 of s p ati al r es ol uti o n; s e e D o br o v ols ki et al., 2 0 1 4 ).  We d o c u m e nt t h e
pr ess ur es e x ert e d b y i nt er n ati o n al c o m m o diti es tr a d e o n pri m at e h a bit at l oss a n d
d e gr a d ati o n usi n g i nf or m ati o n fr o m t h e I nt er n ati o n al  Tr a d e  C e ntr e ( htt p:// w w w.i ntr a c e n.
or g/ ). L e g al a n d ill e g al pri m at e tr a d e  w as d o c u m e nt e d fr o m t h e  CI T E S ( C o n v e nti o n o n
I nt er n ati o n al  Tr a d e i n E n d a n g er e d S p e ci es of  Wil d F a u n a a n d Fl or a) tr a d e d at a b as e
a n d fr o m p u blis h e d r e p orts. I nf or m ati o n o n h u m a n p o p ul ati o n gr o wt h a n d
s o ci o e c o n o mi c  m etri cs i n e a c h c o u ntr y  w as pr o ﬁl e d  wit h i nf or m ati o n fr o m F A O a n d t h e
W orl d B a n k.  Ci vil c o n ﬂi ct a n d q u alit y of g o v er n a n c e i n di c at ors f or e a c h c o u ntr y  w er e
o bt ai n e d fr o m t h e 2 0 1 7  Gl o b al Pe a c e I n d e x ( G PI) of t h e I nstit ut e f or E c o n o mi cs a n d
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 3/ 5 7
Pe a c e ( htt p:// e c o n o mi cs a n d p e a c e. or g/ ) a n d fr o m t h e  W orl d B a n k.  We ass ess e d t h e
distri b uti o n of pr ot e ct e d ar e as a n d pri m at e r a n g es i n t h e f o ur c o u ntri es usi n g i nf or m ati o n
fr o m t h e Pr ot e ct e d Pl a n et of t h e  U N E n vir o n m e nt al Pr o gr a m U N E P- W C M C ( 2 0 1 7) , t h e
I U C N  R e d List, a n d f or est c o v er d at a fr o m H a nse n et al. ( 2 0 1 3) .  We i n cl u d e d 2, 1 9 0
pr ot e ct e d ar e as i n t h e Br a zil d at as et, 4 9 i n  D R C, 1 4 7 i n  M a d a g as c ar a n d 6 4 6 i n I n d o n esi a
( Te xt S 1 ).  We g at h er e d i nf or m ati o n o n t h e 2 0 1 6  C orr u pti o n Per c e pti o ns I n d e x ( C PI)
of  Tr a ns p ar e n c y I nt er n ati o n al ( htt ps:// w w w.tr a ns p ar e n c y. or g ) f or e a c h c o u ntr y a n d
o bt ai n e d, fr o m t h e  W orl d B a n k, a v er a g e v al u es f or t h e f o ur c o u ntri es of f o ur i n di c at ors
of g o v er n a n c e q u alit y i n 2 0 1 6 ( htt p://i nf o. w orl d b a n k. or g/ g o v er n a n c e/ w gi/i n d e x.
as p x #r e p orts ).  We c o m p ar e d t h es e t o t h e a v er a g e v al u es f or 3 5 hi g h-i n c o m e c o u ntri es.
We ar e a w ar e t h at s o m e of t h e d at as ets  w e c o ns ult e d v ar y i n t h eir l e v el of r eli a bilit y a n
o bj e cti vit y. F or e x a m pl e, s o m e d at a fr o m F A O a n d t h e  W orl d B a n k ar e b as e d o n
i nf or m ati o n pr o vi d e d dir e ctl y b y h ost g o v er n m e nts, a n d t h er ef or e  m a y b e i n c o m pl et e or
r e ﬂ e ct br o a d esti m at es. Si mil arl y, d at a fr o m t h e I U C N o n t h e p o p ul ati o n si z e,
distri b uti o n, a n d c o ns er v ati o n st at us of c ert ai n r ar e, cr y pti c, or hi g hl y i n a c c essi bl e
pri m at e s p e ci es ar e b as e d o n s ur v e ys or c e ns us  m et h o ds t h at  m a y v ar y i n c o m pl et e n ess,
a n d t h er ef or e ﬁ n al d et er mi n ati o ns ar e s u bj e ct t o a c o ns e ns us b as e d o n “e x p ert o pi ni o n.”
I n ot h er c as es, t h e d at a ar e o bt ai n e d t hr o u g h c ar ef ul  m o nit ori n g b y a n a g e n c y ( e. g.,
I nt er n ati o n al  Tr a d e  C e ntr e,  Tr a ns p ar e n c y I nt er n ati o n al) or  w er e i n d e p e n d e ntl y
c orr o b or at e d usi n g r e m ot e s e nsi n g t o a d d i n cr e as e d r eli a bilit y ( e. g.,  Gl o b al F or est
Wat c h, I M A G E, Pr ot e ct e d Pl a n et). E a c h of t h e a g e n ci es  w e us e d as s o ur c es of
i nf or m ati o n sti p ul at e i n t h eir p ort als t h e li mit ati o n of t h e d at a t h e y pr es e nt e d (s e e Te xt S 1
f or a list a n d t h e r el e v a nt  U R Ls).  We n ot e t h at alt h o u g h t h e n u m b ers r e p ort e d  m a y v ar y
i n t h eir l e v el of a c c ur a c y, t h e tr e n ds  wit hi n a n d b et w e e n e a c h c o u ntr y ar e c o nsist e nt
wit h hi g h c o n ﬁ d e n c e.
RI C H N E S S  O F  P RI M A T E  S P E CI E S  A N D I U C N  T H R E A T E N E D
S T A T U S  A N D  P O P U L A TI O N  S T A T U S
W hil e Br a zil,  M a d a g as c ar, I n d o n esi a, a n d  D R C diff er si g ni ﬁ c a ntl y i n t h eir h u m a n
p o p ul ati o n d e m o gr a p h y, c ult ur e, hist or y, a n d e c o n o m y, t h e y ar e i m p ort a nt r es er v oirs f or
t h e  w orl d’s bi o di v ersit y,  wit h e a c h c o nsi d er e d a  m e g a di v ers e c o u ntr y (Mitter meier,  R o bles
Gil  &  Mitter meier, 1 9 9 7 ; Ta bl e S 1 ; Te xt S 1 ).  T h e y als o h ar b or a n o n o v erl a p pi n g a n d
si g ni ﬁ c a nt s h ar e ( 6 5 %; n = 2 8 6 s p e ci es) of t h e  w orl d’s n o n h u m a n pri m at e s p e ci es ( n = 4 3 9
s p e ci es): Br a zil — 1 0 2 pri m at e s p e ci es, 1 7 g e n er a;  M a d a g as c ar — 1 0 0, 1 5 g e n er a; I n d o n esi a
— 4 8, 8 g e n er a; a n d  D R C — 3 6, 1 5 g e n er a.  T his i n cl u d es 5 5 g e n er a a n d all 1 6 r e c o g ni z e d
n o n h u m a n pri m at e f a mili es ( I U C N, 2 0 1 7; Ta bl e S 2 ; Fi g. 1 ). E a c h c o u ntr y’s pri m at e
p o p ul ati o n is i m p eril e d b y t h e e x p a n di n g pr ess ur es of h u m a n a cti viti es a n d, as a gr o u p,
6 2 % of t h eir pri m at e s p e ci es ar e  T hr e at e n e d (i. e., ass ess e d as eit h er  V ul n er a bl e,
E n d a n g er e d or  Criti c all y E n d a n g er e d o n t h e I U C N  R e d List) a n d 7 2 % ar e d e cli ni n g
(I U C N, 2 0 1 7; Fi g. 1 ).  T h e t w o c o u ntri es  wit h t h e gr e at est n u m b er of  T hr e at e n e d a n d
d e cli ni n g pri m at e s p e ci es ar e  M a d a g as c ar a n d I n d o n esi a f oll o w e d b y Br a zil a n d  D R C
(Fi g. 1 ).
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 4/ 5 7
L ar g e- s c al e e n cr o a c h m e nt a n d l o s s  of  pri m at e  h a bit at s
Tr e n d s i n f or e st l o s s
H a bit at l oss is a  m aj or dri v er of l o c al e xtir p ati o n of pri m at e s p e ci es.  Usi n g i nf or m ati o n
fr o m t h e  Gl o b al F or est  Wat c h d at a b as e (G F W, 2 0 1 8 ; H a nse n et al., 2 0 1 3 )  w e f o u n d a
g e n er al i n cr e as e i n l oss of f or est ( d e ﬁ n e d as  > 3 0 % c a n o p y c o v er), f or t h e p eri o d
2 0 0 1 – 2 0 1 6 i n all f o ur c o u ntri es ( Fi g. 2 A ).  T ot al f or est l oss f or t h e p eri o d  w as 4 6. 4 3  M h a
f or Br a zil, 2 3. 0 8  M h a f or I n d o n esi a, 1 0. 5 2  M h a f or  D R C, a n d 2. 7 5  M h a f or  M a d a g as c ar
(Fi g. 2 B ; Ta bl e S 3 ). Br a zil’s i niti ati v es t o c o m b at d ef or est ati o n r es ult e d i n i m p ort a nt
r e d u cti o ns i n f or est l oss ( 8 0 %) fr o m 2 0 0 5 t o 2 0 1 2 ( Fi g. 2 ; Ne pst a d et al., 2 0 1 4 ; P R O D E S,
2 0 1 8 ), alt h o u g h i n bi o m es s u c h as t h e dr y f or ests of t h e Cerr a d o , d ef or est ati o n c o nti n u e d
at hi g h r at es ( Str ass b ur g et al., 2 0 1 7 ).  U nf ort u n at el y, d ef or est ati o n i n Br a zil i n cr e as e d
s h ar pl y i n 2 0 1 6 (Fi gs. 2 A a n d 2 B ), pr o b a bl y t h e r es ult of a s hift i n g o v er n m e nt p oli ci es
t h at h a v e r el a x e d c o ns er v ati o n l a ws (Br a nc ali o n et al., 2 0 1 6 ).
I m p ort a ntl y, b et w e e n 2 0 0 0 a n d 2 0 1 3 e a c h of t h e f o ur c o u ntri es e x p eri e n c e d l oss es i n
t h eir r e m ai ni n g ar e a of I nt a ct F or est L a n ds c a p es (I F L; P ot a p o v et al., 2 0 1 7 ).  T h e l ar g est
p er c e nt of I F L l oss es o c c urr e d i n  M a d a g as c ar a n d I n d o n esi a, f oll o w e d b y Br a zil a n d  D R C
( Ta bl e 1 ).  T h es e tr e n ds hi g hli g ht i m p ort a nt r e d u cti o ns i n pri m at e h a bit ats t h at ar e
Fi g u r e 1 T h e ri c h n ess of s p e ci es a n d I U C N s p e ci es c o ns er v ati o n a n d p o p ul ati o n st at us of p ri m at es
i n  B r a zil, t h e  D e m o c r ati c  R e p u bli c of t h e  C o n g o ( D R C),  M a d a g as c a r a n d I n d o n esi a. I n t h e gr a p h, t h e
n u m b ers b el o w t h e n a m es of t h e c o u ntri es r ef er t o t h e n u m b er of s p e ci es us e d t o c al c ul at e t h e p er-
c e nt a g es f or s p e ci es t hr e at e n e d a n d d e cli ni n g p o p ul ati o ns. B e c a us e p o p ul ati o n ass ess m e nts ar e n ot
a v ail a bl e f or all s p e ci es,  w e f o c us e d o n t h os e f or  w hi c h r e c e nt i nf or m ati o n is a v ail a bl e ( Ta bl e S 2 ). S o ur c e
of d at a: I U C N  R e d List 2 0 1 7- 3 ( htt p:// w w w.i u c nr e dlist. or g ; a c c ess e d 5 F e br u ar y 2 0 1 8).
F ull-si z e D OI: 1 0. 7 7 1 7/ p e erj. 4 8 6 9/ ﬁ g- 1
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 5/ 5 7
e x a c er b at e d b y i n cr e as es i n l o w- d e nsit y, s m all-s c al e d ef or est ati o n,  w hi c h is  m or e dif ﬁ c ult
t o i d e ntif y a n d tr a c k (K al a m a n dee n et al., 2 0 1 8 ). F or e x a m pl e, i n  A m a z o ni a, t h e n u m b er
of n e w s m all cl e ari n gs ( < 1 h a) i n cr e as e d b y 3 4 % b et w e e n 2 0 0 1 a n d 2 0 0 7 a n d s m all-s c al e
l o w- d e nsit y f or est l oss ( k m2 f or est l oss p er 1 0 0 k m2 ) e x p a n d e d  m ar k e dl y b et w e e n
2 0 0 8 a n d 2 0 1 4.  O v er all, cl e ar e d f or est p at c h es l ess t h a n 6. 2 5 h a a c c o u nt e d f or ∼ 3 4 % of
Fi g u r e 2 ( A)  Tr e n ds i n tr e e c o v er l oss ( > 3 0 % c a n o p y c o v er) i n Br a zil,  D R C, I n d o n esi a, a n d  M a d a g as c ar
f or t h e p eri o d 2 0 0 1 – 2 0 1 6. ( B)  C u m ul ati v e tr e e c o v er (i n I nt a ct F or est L a n ds c a p es I F L) l oss i n e a c h
c o u ntr y f or t h e s a m e p eri o d. S o ur c e of d at a  Gl o b al F or est  Wat c h ( htt p:// w w w. gl o b alf or est w at c h. or g ;
a c c ess e d 5 F e br u ar y 2 0 1 8). I F L: a n u n br o k e n e x p a ns e of n at ur al e c os yst e ms of at l e ast 5 0 0 k m 2 , f or est e d,
a n d  wit h o ut si g ns of si g ni ﬁ c a nt h u m a n a cti vit y ( P ot a p o v et al., 2 0 0 8 ). F or est l oss r a n g e d i n Br a zil fr o m
2. 7 4  M h a i n 2 0 0 1 t o 5. 3 7  M h a i n 2 0 1 6; i n I n d o n esi a fr o m 7 4 5. 4 3  K h a t o 2. 4 2  M h a; i n  D R C fr o m 4 5 5. 4 3  K h a
t o 1. 3 8  M h a, a n d i n  M a d a g as c ar fr o m 8 6. 9 5  K h a t o 3 8 3. 5 5  K h a.
F ull-si z e D OI: 1 0. 7 7 1 7/ p e erj. 4 8 6 9/ ﬁ g- 2
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 6/ 5 7
t h e t ot al Br a zili a n  A m a z o n f or est l ost b et w e e n 2 0 0 1 a n d 2 0 1 4, i n cl u di n g f or est l oss i n
r es er v es t h at ar e d es cri b e d as pr ot e ct e d ar e as ( K al a m a n dee n et al., 2 0 1 8 ). I n 2 0 0 0,  D R C
w as r e p ort e d t o h a v e al m ost 2  M k m 2 of f or est ( > 3 0 % c a n o p y c o v er) ( G F W, 2 0 1 8 ).  Of t his,
3 2 %  w as cl assi ﬁ e d as I nt a ct F or est L a n ds c a p e ( P ot a p o v et al., 2 0 1 7 ) a n d ( 3 6 %) as
hi nt erl a n d f or ests ( mi ni m all y dist ur b e d f or ests, Ty u k a vi n a et al., 2 0 1 3 ). B et w e e n 2 0 0 0
a n d 2 0 1 3, 4. 2 % of  D R C’s i nt a ct f or ests  w er e l ost ( Ta bl e 1 ; P ot a p o v et al., 2 0 1 7 ), a n d i n t ot al
5. 3 % of t h e c o u ntr y’s t ot al f or est  w as l ost b et w e e n 2 0 0 1 a n d 2 0 1 6 ( G F W, 2 0 1 8 ).  O v er
t h e p ast ﬁ v e y e ars,  D R C h as e x p eri e n c e d a  m e a n a n n u al f or est l oss of a p pr o xi m at el y
0. 5 %, t h e l o w est of t h e f o ur c o u ntri es i n t his a n al ysis.
Wi d e r a n g e tr o pi c al d ef or est ati o n als o r es ults i n f or est fr a g m e nt ati o n, l e a di n g t o
hi g h er e xti n cti o n r at es i n l o c al p o p ul ati o ns ( H a ns ki et al., 2 0 1 3 ).  A r e c e nt st u d y pr e di cts
t h at a d diti o n al f or est l oss  will r es ult i n a l ar g e i n cr e as e i n t h e t ot al n u m b er of f or est
fr a g m e nts i n t h e  N e otr o pi cs,  Afri c a a n d  Asi a, a c c o m p a ni e d b y a d e cr e as e i n t h eir si z e
( Ta u bert et al., 2 0 1 8 ). I n g e n er al, e xti n cti o n ris k i n cr e as es  wit h d e cr e asi n g fr a g m e nt
si z e (H a ns ki et al., 2 0 1 3 ).
Tr e n d s i n e x p a n si o n  of a gri c ult ur al l a n d
Ke e pi n g i n  mi n d t h e li mit ati o ns of st atisti cs r e p ort e d b y t h e F A O of t h e  U nit e d  N ati o ns
(i nf or m ati o n pr o vi d e d t o t h e F A O c o m es dir e ctl y fr o m h ost g o v er n m e nts  w h o  m a y
pr o vi d e i n c o m pl et e d at a), fr o m 2 0 0 1 t o 2 0 1 5 t h e c o m bi n e d esti m at e d i n cr e as e of
a gri c ult ur al l a n d i n Br a zil,  M a d a g as c ar, I n d o n esi a, a n d  D R C t ot al e d s o m e 2 9. 5  M h a (s e e
Te xt S 1 ; Fi g. S 1 ; Ta bl e S 4 ),  wit h Br a zil h a vi n g t h e l ar g est i n cr e as e ( 1 9. 1  M h a) f oll o w e d b y
I n d o n esi a ( 9. 3  M h a),  D R C ( 6 5 0  K h a), a n d  M a d a g as c ar ( 5 7 2  K h a) ( Ta bl e S 4 ) (f or
esti m at es of tr e n ds i n t h e pr o d u cti o n of k e y cr o ps i n e a c h c o u ntr y f or t h e p eri o d
2 0 0 1 – 2 0 1 5 s e e Fi gs. S 2 – S 5 a n d Te xt S 1 ).  T h e a gri c ult ur al f o ot pri nt (i n cr e as e of
a gri c ult ur al ar e a as p er c e nt of l a n d ar e a, b as e d o n d at a fr o m F A O a n d t h e  W orl d B a n k;
Ta bl e S 4 ) f or t his p eri o d  w as 4. 8 9 % f or I n d o n esi a, 2. 2 5 % f or Br a zil, 0. 9 7 % f or
M a d a g as c ar, a n d 0. 2 8 % f or  D R C. I n t h e c as e of  D R C, a hi g h er f o ot pri nt esti m at e of 1. 2 0 %
h as b e e n r e p ort e d f or r ur al ar e as ( p eri o d fr o m 2 0 0 0 t o 2 0 1 0) r es ulti n g i n t h e a d diti o n of
2. 7 7  M h a of r ur al r o a ds, vill a g es, a n d a cti v e a n d a b a n d o n e d ﬁ el ds a n d g ar d e ns.  T his r ur al
c o m pl e x a c c o u nt e d f or 1 3. 1 % of  D R C’s t ot al l a n d ar e a i n 2 0 1 5 ( M oli n ari o,  H a nse n  &
P ot a p o v, 2 0 1 5 ). B et w e e n 2 0 0 0 a n d 2 0 1 0, t h e o v er all l oss of “c or e f or est ” ( w hi c h  m a d e
u p 3 6. 6 % of t h e 2 0 1 0 l a n d ar e a) t o p erf or at e d f or est, p at c h f or est, fr a g m e nt e d f or est
Ta bl e 1 Tr e e c o v e r l oss ( 3 0 % c a n o p y c o v e r) i n I nt a ct F o r est e d L a n ds c a p es i n  B r a zil,  D R C, I n d o n esi a, a n d  M a d a g as c a r f o r t h e p e ri o d
2 0 0 1 – 2 0 1 6.
F o r est c o v e r ( > 3 0 % c a n o p y,
2 0 0 0; k m 2 1 0 3 )
I F L a r e a 2 0 0 0
( k m2 1 0 3 )
% of I F L of c o u nt r y’s
f o r est c o v e r i n 2 0 0 0
R e d u cti o n 2 0 0 0 – 2 0 1 3 ( %)
n ot att ri b ut e d t o ﬁ r e
M a d a g as c ar 1 7 0 1 7. 2 1 0 1 8. 5
I n d o n esi a 1, 6 1 0 3 5 9. 2 2 2 1 0. 8
Br a zil 5, 1 9 0 2 4 7 6. 1 4 8 6. 2
D R C 1, 9 9 2 6 4 3. 9 3 2 4. 2
N ot e:
S o ur c e of d at a: P ot a p o v et al. ( 2 0 1 7) .
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 7/ 5 7
or e d g e  w as esti m at e d at 3. 8 % ( M oli n ari o et al., 2 0 1 7 ).  T h e  m ai n c a us e of f or est l oss i n
D R C ( 9 2 %)  w as s hifti n g c ulti v ati o n ( M oli n ari o et al., 2 0 1 7 ).
Pr oj e ct e d a gri c ult ur al e x p a n si o n a n d  pri m at e r a n g e c o ntr a cti o n i n
t h e 2 1 st c e nt ur y
I n cr e as es i n s p e ci es e xti n cti o n ris k ar e t y pi c all y r el at e d t o t h e l oss of i n di vi d u al
p o p ul ati o ns a n d ass o ci at e d d e cli n es i n t h eir g e o gr a p hi c al r a n g e ( Ce b all os  & E hrlic h, 2 0 0 2 ;
Wolf  &  Ri p ple, 2 0 1 7 ).  A gl o b al st u d y  m o d eli n g c o n ﬂi ct b et w e e n a gri c ult ur al e x p a nsi o n
a n d pri m at e s p e ci es’ distri b uti o ns pr e di ct e d t h at d uri n g t h e 2 1st c e nt ur y, r e gi o ns e x p e ct e d
t o b e c o n v ert e d fr o m f or est t o a gri c ult ur al pr o d u cti o n a c c o u nt f or 6 8 % of t h e ar e a
c urr e ntl y us e d b y pri m at es, a n d t h at  w orl d wi d e t his  will l e a d t o u ns ust ai n a bl e s p ati al
c o n ﬂi ct f or 7 5 % of pri m at e s p e ci es ( Estr a d a et al., 2 0 1 7 ).  M o d eli n g a gri c ult ur al e x p a nsi o n
i n t h e 2 1st c e nt ur y f or t h e f o ur c o u ntri es u n d er a  w orst- c as e-s c e n ari o, s h o ws a pri m at e
r a n g e c o ntr a cti o n of 7 8 % f or Br a zil, 7 2 % f or I n d o n esi a, 6 2 % f or  M a d a g as c ar, a n d 3 2 %
f or  D R C (Fi gs. 3 a n d 4 ).  A b usi n ess- as- us u al s c e n ari o als o pr e di cts hi g h s p ati al c o n ﬂi ct
w hil e a n o pti misti c s c e n ari o pr e di cts si g ni ﬁ c a ntl y l o w er s p ati al c o n ﬂi ct ( Fi g. S 6 ).  T his
s u g g ests t h at t ar g et e d p oli ci es d esi g n e d t o s hift a gri c ult ur al e x p a nsi o n t o alr e a d y
alt er e d l a n ds c a p es i n or d er t o  mi ni mi z e h a bit at fr a g m e nt ati o n a n d l oss of e xisti n g f or est
is criti c al i n li miti n g s p ati al c o n ﬂi cts i n e a c h c o u ntr y (D o br o v ols ki et al., 2 0 1 3 , 2 0 1 4 ).
Gl o b al di et ar y c h a n g es, t o w ar ds e ati n g  m or e  m e at, gr e at er d e p e n d e n c e o n v e g et a bl e
oils, a n d, t o a l ess er e xt e nt,  m or e c off e e a n d t e a, as c o u ntri es d e v el o p,  will r e q uir e t h es e
pri m at e-ri c h c o u ntri es t o c o n v ert a d diti o n al f or est e d l a n d i nt o  m o n o c ult ur es t o  m e et
l o c al a n d gl o b al  m ar k et d e m a n ds (G o uel  &  H o ussei n, 2 0 1 7 ; K ast ner et al., 2 0 1 2 ; Til m a n  &
Cl ar k, 2 0 1 4 ).  Ot h er t hr e ats s u c h as h u nti n g, l o g gi n g,  mi ni n g, f ossil f u el e xtr a cti o n,
a nt hr o p o g e ni c i nf e cti o us dis e as es, a n d cli m at e c h a n g e als o ar e e x p e ct e d t o r es ult i n
pri m at e r a n g e c o ntr a cti o n (s e e b el o w).
O T H E R  L A R G E- S C A L E  S T R E S S O R S
L o g gi n g,  mi ni n g a n d f o s sil f u el e xtr a cti o n a n d  pri m at e  h a bit at l o s s
a n d  d e gr a d ati o n
Si n c e t h e 1 9 8 0s, t h e e xtr a cti o n of h ar d w o o ds h as i n cr e as e d i n t h e f o ur c o u ntri es i n
r es p o ns e t o a n e v er- e x p a n di n g  w orl d wi d e d e m a n d f or tr o pi c al ti m b er ( Estr a d a, 2 0 1 3 ).
T his h as r es ult e d i n d ef or est ati o n a n d n e w e c o n o mi c i n c e nti v es t o c o nstr u ct r o a ds i n
f or est e d ar e as (Al a m gir et al., 2 0 1 7 ).  Alt h o u g h s o m e pri m at e s p e ci es c a n s ur vi v e
t e m p or aril y i n l o g g e d f or ests, b ot h l e g al a n d ill e g al l o g gi n g r es ult i n a d e cr e as e of
c a n o p y c o v er, r e d u c e d h u mi dit y i n t h e s u b c a n o p y a n d u n d er gr o wt h t h at i n cr e as es tr e e
m ort alit y, t h e i n ci d e n c e of gr o u n d ﬁr es, a d e cli n e i n f or est u n d er gr o wt h, a n d n e g ati v el y
i m p a cts t h e r e g e n er ati o n of l ar g e tr e e s p e ci es t h at pr o vi d e f o o d, r esti n g sit es, a n d r ef u g e
f or pri m at es (Alisj a h b a n a  & B usc h ( 2 0 1 7) ; Le wis, E d w ar ds  &  G al br ait h, 2 0 1 5 ; Peres, 1 9 9 9 ,
2 0 0 1 ; Worl d B a n k, 2 0 1 6 ) ( Te xt S 1 ).
Mi ni n g is a p ersist e nt t hr e at t o pri m at es a n d t h eir h a bit ats.  T h e  mi ni n g of pr e ci o us
g e ms a n d  mi n er als c o ntri b ut es t o h a bit at d estr u cti o n, fr a g m e nt ati o n, d ef or est ati o n, a n d
t h e p ois o ni n g a n d p oll uti o n of s oil a n d gr o u n d  w at er (Al v are z- Berrı´os  &  Ai de, 2 0 1 5 ).
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 8/ 5 7
I n a d diti o n,  mi ni n g ( a n d f ossil f u el e xtr a cti o n, s e e b el o w) sti m ul at es h u m a n  mi gr ati o n,
t h e ill e g al l o g gi n g a n d c ol o ni z ati o n of f or est e d ar e as, h u nti n g, a n d t h e c o nstr u cti o n of
r o a ds a n d r ail w a ys (Al a m gir et al., 2 0 1 7 ; B utt et al., 2 0 1 3 ; L a ur a nce et al., 2 0 1 5 ). I n e ast er n
D R C, t h er e is a n u nf ort u n at e o v erl a p of u n pr ot e ct e d ar e as of hi g h a ni m al a n d pl a nt
bi o di v ersit y  wit h ar e as t h at ar e ri c h i n  mi n er als ( E d w ar ds et al., 2 0 1 4 ). I n cr e as e d gl o b al
Fi g u r e 3 T h e p r oj e ct e d e x p a nsi o n of a g ri c ult u r e a n d p ast u r es i n ( A)  B r a zil, ( B) t h e  D e m o c r ati c
R e p u bli c of t h e  C o n g o, ( C)  M a d a g as c a r, a n d ( D) I n d o n esi a f o r 2 0 5 0 a n d 2 1 0 0, u n d e r a  w o rst- c as e
s c e n a ri o of l a n d us e f r o m n ati v e v e g et ati o n t o a g ri c ult u r al ﬁ el ds a n d p ast u r e. S e e Te xt S 1 f or a
d es cri pti o n of t h e  m et h o ds us e d.  D at a o n s p e ci es g e o gr a p hi c distri b uti o n ar e d eri v e d fr o m I U C N ( 2 0 1 7)
a n d t h e s c e n ari os of a gri c ult ur al e x p a nsi o n fr o m t h e I nt e gr at e d  M o d el t o  Ass ess t h e  Gl o b al E n vir o n m e nt
(I M A G E, v ersi o n 2. 2) ( I M A G E  Te a m, 2 0 0 1) (s e e D o br o v ols ki et al., 2 0 1 3 ).  N oti c e t h e s p ati al s hift of
c o ns er v ati o n c o n ﬂi cts, i n cl u di n g t h e a b a n d o n m e nt of s o m e a gri c ult ur al ar e as b y 2 1 0 0 i n  D R C a n d
M a d a g as c ar.  T his c o n diti o n, h o w e v er,  m a y n ot i m pl y a n i m m e di at e b e n e ﬁt f or pri m at e s p e ci es, as l o c al
p o p ul ati o ns  w o ul d h a v e b e e n e xtir p at e d, ar e as  w o ul d h a v e b e e n dr a m ati c all y alt er e d pri or t o a b a n-
d o n m e nt, a n d  w o ul d li k el y r e q uir e d e c a d es t o r e g e n er at e t o cl os e d- c a n o p y, ol d s e c o n d ar y f or est. S e e
Fi g. S 6 f or a  m o d el b as e d o n a n o pti misti c s c e n ari o a n d o n a b usi n ess- as- us u al s c e n ari o.
F ull-si z e D OI: 1 0. 7 7 1 7/ p e erj. 4 8 6 9/ ﬁ g- 3
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 9/ 5 7
d e m a n d f or e asil y- mi n e d s urf a c e d e p osits of t a nt al u m, a r ar e e art h  m et al us e d i n
el e ctr o ni cs i n cl u di n g c ell p h o n es, h as r es ult e d i n t h e e x p a nsi o n of ill e g al  mi ni n g c a m ps
i n s e v er al n ati o n al p ar ks i n  D R C. B us h m e at h u nti n g i n t his ar e a h as d e ci m at e d s e v er al
pri m at e p o p ul ati o ns ( e. g.,  Gr a u er’s g orill as, a n d e ast er n c hi m p a n z e es; Pl u m ptre et al.,
2 0 1 5 ; S pir a et al., 2 0 1 7 ).  Of t h e e xisti n g 1, 2 4 9  mi ni n g pr os p e cti o n p er mits i n  D R C,
9 5 2 ( 7 6 %) h a v e t h eir c e nt ers i n t h e r ur al c o m pl e x ( ar e as t h at h a v e b e e n i n t h e c y cl e of
sl as h- a n d- b ur n a gri c ult ur e f or at l e ast 1 8 y e ars). Per mits i n t h e r ur al c o m pl e x c o v er
1 4 3, 3 1 6 k m 2 ,  w hi c h is 7 8 % of t h e t ot al p er mitt e d ar e a.  T h e  m e a n ar e a of  mi ni n g p er mits
is 1 5 0 k m2 ( a n d t h er e is n o diff er e n c e b et w e e n t h e si z e of p er mitt e d ar e a i n t h e r ur al
c o m pl e x a n d i n f or ests  m or e dist a nt fr o m h u m a n s ettl e m e nt).  A p pr o xi m at el y o n e- q u art er
of t h e  mi ni n g pr os p e cti o n p er mits ar e l o c at e d i nsi d e t h e f or est a n d, if t h es e ar e o p e n e d u p
f or  mi n er al e xtr a cti o n, t h e y  will p os e a gr a v e t hr e at t o pri m at es (s e e Te xt S 1 ).
I n  M a d a g as c ar, t h e ill e g al  mi ni n g of ni c k el, c o b alt, g ol d, a n d pr e ci o us g e ms (s a p p hir e)
h as aff e ct e d  m a n y f or ests, i n cl u di n g pr ot e ct e d ar e as  wit h a n i m p ort a nt n e g ati v e i m p a ct o n
p o p ul ati o ns of  M al a g as y pri m at es i n cl u di n g t h e i c o ni c ri n g-t ail e d l e m ur ( Le m ur c att a )
(G o ul d  & S a ut her, 2 0 1 6 ). I n Br a zil, b et w e e n 2 0 0 1 a n d 2 0 1 3 a p pr o xi m at el y 1, 6 8 0 k m 2
of tr o pi c al  m oist f or est  w as l ost a cr oss 1, 6 0 0 g ol d  mi ni n g sit es, i n cl u di n g si g ni ﬁ c a nt
f or est l oss i nsi d e 1 3 pr ot e ct e d ar e as (Al v are z- B errı´os  &  Ai de, 2 0 1 5 ).  A  m or e r e c e nt st u d y
s h o w e d t h at b et w e e n 2 0 0 5 a n d 2 0 1 5  mi ni n g i n Br a zil si g ni ﬁ c a ntl y i n cr e as e d  A m a z o n
f or est l oss u p t o 7 0 k m b e y o n d  mi ni n g l e as e b o u n d ari es, c a usi n g 1 1, 6 7 0 k m2 of
d ef or est ati o n ( 9 % of all  A m a z o n f or est l oss d uri n g t his p eri o d) ( S o nter et al., 2 0 1 7 ).
T h e dis p os al of  mi ni n g  w ast e is a si g ni ﬁ c a nt t hr e at t o t h e l o c al bi ot a, i n cl u di n g pri m at es.
Fi g u r e 4 P h ot os of s el e ct e d l a n d c o v e r c h a n g es i n p ri m at e r a n g e c o u nt ri es, ill e g al p ri m at e t r a d e, a n d
t h e p ri m at e b us h m e at t r a d e. P h ot o cr e dits i n cl u d e t h e f oll o wi n g: ( A) S o y b e a n pl a nt ati o n a n d r e c e nt
d ef or est ati o n of f or est p at c h es i n t h e Cerr a d o Bi o m e, J at aı´,  G oi a´s St at e,  Br a zil ( P h ot o cr e dit: F a bi a n o  R.
d e  M el o), ( B) P ast ur es f or c attl e r a n c hi n g s urr o u n di n g  Atl a nti c F or est p at c h es i nsi d e t h e Cerr a d o Bi o m e,
Ri o  Ver d e,  G oi a´s St at e, Br a zil. ( P h ot o cr e dit: I z alti n o  G ui m ar a˜ es Jr), ( C) I n d o n esi a, ill e g al l o g gi n g
C e ntr al  K ali m a nt a n ( P h ot o cr e dit:  R. B utl er), ( D) I n d o n esi a, d ef or est ati o n ( P h ot o cr e dit:  R. B utl er), ( E)
I n d o n esi a, S u n d a sl o w l oris (N yctice b us c o uc a n g ), s ol d i n J a k art a ( P h ot o cr e dit:  A.  Wal msl e y a n d Littl e
Fir ef a c e Pr oj e ct), ( F)  D R C, s m o k e d b o n o b o ( P a n p a nisc us )  m e at at a r ur al  m e at  m ar k et ( P h ot o cr e dit:
J.  H e a d). F ull-si z e D OI: 1 0. 7 7 1 7/ p e erj. 4 8 6 9/ ﬁ g- 4
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 1 0/ 5 7
I n Br a zil, f or e x a m pl e, 1 2 6  mi ni n g d a ms ar e c urr e ntl y at ris k of f aili n g. I n o n e s u c h
c as e, d a m f ail ur e p ois o n e d h u n dr e ds of kil o m et ers of t h e  D o c e  Ri v er  wit h t o xi c  m u d
(G arci a et al., 2 0 1 7 ). I n  K ali m a nt a n, I n d o n esi a, g ol d  mi ni n g is a  m aj or t hr e at t o t h e
pr o b os cis  m o n k e y ( N as alis l ar v at us ) (Meij a ar d  &  Nij m a n, 2 0 0 0 ) a n d t o B or n e a n
or a n g ut a ns a n d B or n e a n gi b b o ns ( H yl o b ates  m uelleri ) (L a nj o u w, 2 0 1 4 ). Fr o m 2 0 0 0 t o
2 0 1 0, s o m e 3, 0 0 0 k m 2 of,  m ostl y l o wl a n d, f or est i n I n d o n esi a  w as l ost d u e t o l o g gi n g
a n d as of 2 0 1 1, o v er 4 0, 0 0 0 k m 2 of a d diti o n al l a n d  w as all o c at e d t o  mi ni n g c o n c essi o ns
(A b o o d et al., 2 0 1 5 ).  M ost of t h es e c o n c essi o ns ar e l o c at e d o n t h e isl a n ds of S u m atr a
a n d B or n e o,  w h er e it dir e ctl y i m p e d es  wit h c o ns er v ati o n eff orts t o pr ot e ct ar b or e al
pri m at es s u c h as t h e sl o w l oris ( N yctice b us s p p.), l a n g urs (Pres b ytis s p p. a n d
Tr ac h y pit hec us s p p.), gi b b o ns (H yl o b ates s p p.), si a m a n gs (S y m p h al a n g us s y n d act yl us ) a n d
or a n g ut a ns ( P o n g o s p p.). F or s o m e s p e ci es s u c h as t h e  w est er n t arsi er ( Tarsi us b a nc a n us )
a n d S o d y’s sl o w l oris ( N yctice b us b a nc a n us ) o n t h e isl a n d of B elit u n g ( Y usti a n, 2 0 0 7 ),
ﬁ n di n g a  w a y t o  m a n a g e ti n  mi n es usi n g e n vir o n m e nt all y fri e n dl y a p pr o a c h es is cr u ci al
f or t h e s ur vi v al of t h es e n o ct ur n al pri m at es. I n a d diti o n, tr a diti o n al  m et h o ds of g ol d
mi ni n g a n d li m est o n e k arst  mi ni n g n o w t hr e at e n t h e h a bit at of t h e a gil e gi b b o n
(H yl o b ates a gilis ), t h e si a m a n g, t h e bl a c k- cr est e d S u m atr a n l a n g ur ( Pres b ytis  mel al o p h os )
a n d t h e sil v er e d l a n g ur ( Tr ac h y pit hec us crist at us ) i n t h e pr o vi n c e of J a m bi i n  West
S u m atr a.  Mi n ers li vi n g i n t h es e ar e as als o e x pl oit pri m at es a n d ot h er  wil dlif e f or  m e at a n d
c a pt ur e li v e pri m at es f or p ets t h at ar e s ol d i n l o c al t o w ns (s e e h u nti n g a n d ill e g al tr a d e
b el o w; A g usti n et al., 2 0 1 6 ; Ya n u ar, 2 0 0 9 ).
F ossil f u el e xtr a cti o n n e g ati v el y i m p a cts pri m at e s ur vi v ors hi p. F or e x a m pl e, o v er t h e
n e xt 2 0 y e ars, t h e gl o b al d e m a n d f or oil is e x p e ct e d t o i n cr e as e b y o v er 3 0 % a n d t h e
e x p e ct e d i n cr e as e i n n at ur al g as b y 5 3 % fr o m 2 0 1 4 l e v els ( B utt et al., 2 0 1 3 ; Fi ner et al.,
2 0 1 5 ).  T his p e a k oil pr o d u cti o n it is pr oj e ct e d t o f all t o pr es e nt d a y l e v els ( d u e t o t h e
c h a n g e o v er t o el e ctri c v e hi cl es) b y t h e y e ar 2 0 4 0 ( L o n gle y, 2 0 1 8 ). Br a zil, I n d o n esi a, a n d
M a d a g as c ar ar e alr e a d y e x p a n di n g c o n c essi o ns a n d e x p orti n g t his c o m m o dit y ( T h e
I nt er n ati o n al  Tr a d e  C e nt er –w w w.i ntr a c e n. or g ). I n t h e  w est er n  A m a z o n of Br a zil, f or
e x a m pl e, s u c h c o n c essi o ns i n cl u d e n ati o n al p ar ks a n d t errit ori es of i n di g e n o us p e o pl es
(Fi ner et al., 2 0 1 5 ). I n  D R C, oil c o n c essi o ns n o w c o v er al m ost all of t h e  Al b erti n e  Rift
a n d  m u c h of t h e c e ntr al b asi n,  w h er e a c o n c e ntr ati o n of e n d e mi c pri m at e t a x a is f o u n d
(Mi niste `re des  H y dr oc ar b ures  D R C, 2 0 1 3).
I nt er n ati o n al c o m m o diti e s tr a d e a n d l o s s a n d  d e gr a d ati o n  of
pri m at e  h a bit at
I nt er n ati o n al tr a d e c o m m o dit y- dri v e n d ef or est ati o n is i n cr e asi n gl y c a us e d b y gl o b al
d e m a n d f or a gri c ult ur al a n d n o nf o o d c o m m o diti es ( e. g., s o y, b e ef, p al m oil, ti m b er,
or es, f ossil f u el) n e g ati v el y i m p a cti n g tr o pi c al bi o di v ersit y ( He n ders, Perss o n  &  K ast ner,
2 0 1 5 ; He n ders et al., 2 0 1 8 ; Wic h et al., 2 0 1 4 ) a n d pri m at e r a n g e a n d p o p ul ati o n p ersist e n c e
(Estr a d a et al., 2 0 1 7 ).  W hil e t h e gr o wi n g h u m a n p o p ul ati o ns i n Br a zil,  M a d a g as c ar,
I n d o n esi a, a n d  D R C (s e e  H u m a n P o p ul ati o n b el o w) h a v e r es ult e d i n i n cr e as e d i nt er n al
d e m a n ds f or f o o d a n d n o n-f o o d c o m m o diti es, gl o b al  m ar k et pr ess ur es fr o m hi g hl y
i n d ustri ali z e d n ati o ns ar e si g ni ﬁ c a nt dri v ers of r a pi d a n d  wi d es pr e a d h a bit at l oss.
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 1 1/ 5 7
A c c or di n g t o t h e I nt er n ati o n al  Tr a d e  C e ntr e, t h es e f o ur pri m at e-ri c h c o u ntri es s ell at l e ast
5 0 % of all e x p orts of r a w  m at eri als t o  C hi n a, t h e  U S,  C a n a d a, I n di a, a n d s e v er al E ur o p e a n
c o u ntri es ( Ta bl e 2 ).  C o m m o diti es s u c h as fr o z e n b e ef, s o y, s u g ar c a n e, h ar d w o o ds, a n d
or es ar e pri n ci p al e x p orts of Br a zil; i n  D R C  mi n er als ar e t h e pri m ar y gl o b al e x p ort
c o m m o dit y, f oll o w e d b y s m all er a m o u nts of h ar d w o o ds, n at ur al r u b b er, c off e e, a n d c a c a o;
f or  M a d a g as c ar,  m aj or e x p orts ar e  mi n er als, c off e e, t e a, s pi c es, h ar d w o o d, a n d v e g et a bl e
a n d r o ots/t u b ers; a n d f or I n d o n esi a, ri c e, n at ur al r u b b er, oils e e ds, a n d  w o o d ( Te xt S 1 ). I n
Br a zil, 3 0 % of d ef or est ati o n b et w e e n 2 0 0 0 a n d 2 0 1 0  w as dri v e n b y gl o b al d e m a n ds f or
b e ef a n d s o y e x p orts ( K arste nse n, Peters  &  A n dre w, 2 0 1 3 ).  Gi v e n t h at s e g m e nts of t h e
h u m a n p o p ul ati o n i n e a c h of t h es e c o u ntri es ar e u n d er n o uris h e d (s e e  H u m a n P o p ul ati o n
b el o w), t h e e x p ort ati o n of f o o d  m a y t hr e at e n l o c al f o o d s e c urit y, h u m a n s af et y a n d
p oliti c al st a bilit y ( F A O, I F A D  &  W F P, 2 0 1 5 ).  T h e gr o wi n g a n d u ns ust ai n a bl e gl o b al
d e m a n d f or f o o d a n d n o n-f o o d cr o ps,  w o o d, f ossil f u el,  mi n er als, a n d g e ms b y a s m all
n u m b er of c o ns u m er n ati o ns h as r es ult e d i n a r a pi d i n cr e as e i n a gri c ult ur al pr o d u cti o n,
w o o d e xtr a cti o n, iti n er a nt  mi n ers, a n d oil/ g as e xtr a cti o n.  T his als o h as l e d t o a n
e x p a nsi o n of r o a d n et w or ks a n d h y dr o p o w er d e v el o p m e nt i n all f o ur c o u ntri es ( Al a m gir
et al., 2 0 1 7 ), e ns ui n g i n cr e as e d f or est l oss, ill e g al c ol o ni z ati o n a n d l o g gi n g, i n cr e as es i n
iti n er a nt  mi ni n g a n d i n cr e as es i n pri m at e h u nti n g a n d tr a d e (Estr a d a et al., 2 0 1 7 ;
L atr u besse et al., 2 0 1 7 ; Pl u m ptre et al., 2 0 1 5 ; S pir a et al., 2 0 1 7 ; Ti m pe  &  K a pl a n, 2 0 1 7 ;
Wi ne miller et al., 2 0 1 6 ). I m p orti n g n ati o ns pr o c ess t h e r a w  m at eri als a n d t h e ﬁ n al pr o d u ct
is c o m m er ci ali z e d f or l o c al a n d gl o b al c o ns u m pti o n.  A p arti c ul ar y u nf ort u n at e e x a m pl e
of t his is t h e gr o wi n g gl o b al d e m a n d f or pr o d u cts pr o d u c e d b y i n d ustri ali z e d n ati o ns
s u c h as c ell p h o n es, l a pt o ps, a n d ot h er el e ctr o ni c d e vi c es usi n g c o n ﬂi ct  mi n er als s u c h as
c olt a n,  mi n e d i n  D R C ( H a yes  & B ur ge, 2 0 0 3 ; M a nc heri et al., 2 0 1 8 ; S pir a et al., 2 0 1 7 ).
T o b al a n c e gl o b al  m ar k et d e m a n ds  wit h t h e n e e ds of t h e f o ur pri m at e-ri c h c o u ntri es
t o d e v el o p t h eir i nt er n al e c o n o mi es, e ns ur e f o o d s e c urit y, a n d i m pr o v e t h e st a n d ar d
of li vi n g f or t h eir e x p a n di n g h u m a n p o p ul ati o ns, t h e “ gr e e ni n g ” of tr a d e c a n pr o m ot e
e n vir o n m e nt al pr ot e cti o n ( Ne u m a yer, 2 0 0 1 ; He n ders et al., 2 0 1 8 ). I nt er n ati o n al
Ta bl e 2 M aj o r i m p o rti n g c o u nt ri es ( 5 0 % of e x p o rts) of t r a d e c o m m o diti es ( 9 9 c at e g o ri es a n d t h ei r s u b c at e g o ri es, e. g., f r o z e n b e ef, a r b o r e al
a n d n o n- a r b o r e al f o o d a n d n o n-f o o d c r o ps, o r es, oil,  w o o d, a n d ot h e rs) p r o d u c e d b y  B r a zil,  D R C,  M a d a g as c a r, a n d I n d o n esi a.
B r a zil D R C M a d a g as c a r I n d o n esi a
% V ol u m e
i m p o rt e d b y
% V ol u m e
i m p o rt e d b y
% V ol u m e
i m p o rt e d b y
% V ol u m e
i m p o rt e d b y
C hi n a 1 9 C hi n a 4 6 Fr a n c e 2 4 C hi n a 1 9
U S A 1 3 S.  Ar a bi a 1 1 U S A 1 3 U S A 1 1
Ar g e nti n a 7 G er m a n y 9 J a p a n 1 1
T h e  Net h erl a n ds 6 C hi n a 7 I n di a 8
G er m a n y 3
J a p a n 3
T ot al  % 5 0 5 7 5 3 5 0
N ot e:
S o ur c e of d at a: ( htt p:// w w w.tr a d e m a p. or g/ ( a c c ess e d 1 0  D e c e m b er 2 0 1 7)). I nt er n ati o n al tr a d e  m a ps f or t h e f o ur c o u ntri es f or all e x p orts a n d f or s p e ci ﬁ c c o m m o diti es
s e e Te xt S 1 .
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 1 2/ 5 7
c or p or ati o ns s h o ul d a d d t h es e c osts t o pr o d u cts s o t h at t h er e is a c o nti n u o us r e g e n er ati o n
of f u n ds t o s ust ai n a bl y pr o m ot e c o ns er v ati o n ( B utler  & L a ur a nce, 2 0 0 8 ).  Alt er n ati v el y,
t h e  W orl d B a n k or  U N c o ul d r e q uir e t h at c or p or ati o ns a n d c o ns u m er n ati o ns p a y i nt o a
s ust ai n a bilit y/ c o ns er v ati o n f u n d b as e d o n t h eir l e v els of c o ns u m pti o n a n d e n vir o n m e nt al
d a m a g e ( e. g., li k e a c ar b o n t a x;  C ar b o n  Ta x  C e nt er htt ps:// w w w. c ar b o nt a x. or g ; c o ns ult e d
A u g ust 2 0 1 7). I n c o u ntri es i n  w hi c h t h e r ur al p o or d e p e n d o n f or est pr o d u cts, c o m m u nit y
f or est  m a n a g e m e nt c o ul d bri d g e or i nt e gr at e t h e n e e ds of c o ns er v ati o n a n d c o m m o dit y
pr o d u cti o n, s ust ai n a bl y s af e g u ar di n g t h e c o nti n u e d i nt e grit y of c o m pl e x e c ol o gi c al
s yst e ms (S h arif  & S a h a, 2 0 1 7 ).  T h e r e c e nt e n vir o n m e nt all y- ori e nt e d, d e m a n d-si d e
p oli ci es r e g ar di n g ill e g al ti m b er i m p orts b y t h e E U ( E U, 2 0 1 0 ), t h e E U r es ol uti o n o n oil
p al m pr o d u cti o n a n d d ef or est ati o n ( E P, 2 0 1 7 ), a n d t h e  A mst er d a m  D e cl ar ati o n t o
eli mi n at e d ef or est ati o n fr o m a gri c ult ur al c o m m o dit y c h ai ns ( A mster d a m  Decl ar ati o n,
2 0 1 5 ) r e pr es e nt i m p ort a nt a n d p ositi v e “ gr e e n ” c h a n g es t h at n e e d t o b e a d o pt e d b y t h e
U. S.,  C hi n a, a n d ot h er c o ns u m e n ati o ns.  H o w e v er, t h e c o nti n u e d gr o wt h of t h e gl o b al
d e m a n d f or f or est-ris k a gri c ult ur al a n d n o nf o o d c o m m o diti es r e q uir es a d diti o n al
l e gisl ati o n a n d a str o n g er gl o b al eff ort at r e g ul ati n g t h e n e g ati v e i m p a ct of u ns ust ai n a bl e
c o m m o dit y tr a d e ( He n ders et al., 2 0 1 8 ).
L O C A L- S C A L E  A N T H R O P O G E NI C  T H R E A T S  T O  P RI M A T E
P O P U L A TI O N S
H u nti n g
H u nti n g (f or  m e at a n d c ult ur all y v al u e d b o d y p arts) n e g ati v el y i m p a cts 5 4 % t o 9 0 % of
pri m at e s p e ci es i n t h e  N e otr o pi cs,  Afri c a,  M a d a g as c ar, a n d  Asi a ( Estr a d a et al., 2 0 1 7 ).
A c c or di n g t o I U C N, a b o ut 8 5 % of pri m at e s p e ci es i n I n d o n esi a ar e h u nt e d, 6 4 % i n
M a d a g as c ar, 5 1 % i n  D R C, a n d 3 5 % i n Br a zil ( I U C N, 2 0 1 7), b ut  w e n e e d t o r e c o g nis e
t h at t h e I U C N pri m at e ass ess m e nts ar e n o w 1 0 y e ars ol d a n d  m a n y d o n ot  m e nti o n
h u nti n g s p e ci ﬁ c all y.  T h e n e w ass ess m e nts of t h e  Afri c a n pri m at es ( w hi c h  will c o m e o nli n e
i n 2 0 1 8) ar e i n g e n er al  m u c h cl e ar er r e g ar di n g i n di vi d u al t hr e ats a n d a  m u c h hi g h er
p er c e nt a g e — at l e ast i n  Afri c a — will list h u nti n g as a pri m ar y t hr e at t h a n i n pr e vi o us
ass ess m e nts. I n r e alit y, f or e x a m pl e, al m ost all pri m at es i n  D R C ar e h u nt e d — e v e n t h e
s m all est  m o n k e y, t h e t al a p oi n h as n o w b e e n r e c or d e d at b us h m e at  m ar k ets ( B ers ac ol a
et al., 2 0 1 4 ).  A n e x c e pti o n is t h e n o ct ur n al str e psirr hi n es,  w hi c h ar e s o s m all a n d s o h ar d
t o c at c h t h at t h e y ar e r ar el y t a k e n u nl ess f or tr a diti o n al  m e di ci n e.  C o m m er ci ali z e d
b us h m e at h u nti n g is a pri m ar y dri v er of pri m at e p o p ul ati o n r e d u cti o n a n d, i n t h e c as e
of t h e Br a zili a n  A m a z o n, h as l e d t o t h e e xtir p ati o n of hi g hl y e n d a n g er e d t a x a s u c h as
s pi d er  m o n k e ys (Ateles s p p.) a n d  w o oll y  m o n k e ys (L a g ot hri x s p p.) (Ef ﬁ o m et al., 2 0 1 3 ;
Peres et al., 2 0 1 6 ; Ste ve ns o n  &  Al d a n a, 2 0 0 8 ).  H u nti n g h as c o ntri b ut e d t o e xtir p ati o n of
s m all er a n d t hr e at e n e d pri m at es i n Br a zil’s  Atl a nti c F or est s u c h as t h e y ell o w- br e ast e d
c a p u c hi n  m o n k e y ( S a p aj us x a nt h oster n os ),  C oi m br a- Fil h o’s titi  m o n k e y (C allice b us
c oi m br ai) (C a n ale et al., 2 0 1 2 ; Hil a´ ri o et al., 2 0 1 7) a n d t h e l ar g est  N e otr o pi c al
pri m at e s p e ci es, t h e s o ut h er n  m uri q uis ( Br ac h yteles ar ac h n oi des ) ( Tale bi et al., 2 0 1 1 ).
I n  D R C h u nti n g h as si g ni ﬁ c a ntl y r e d u c e d t h e n u m b ers of g orill as a n d b o n o b os
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 1 3/ 5 7
(Hic ke y et al., 2 0 1 3 ; Pl u m ptre et al., 2 0 1 6c ). I n a  wil d  m e at  m ar ket i n  Kis a n g a ni ( D R C) a b o ut
6 5 pri m at es  w er e tr a d e d p er d a y o v er a 1 3 1- d a y p eri o d ( a b o ut 8, 5 1 5 pri m at es/ 1 3 1 d a ys)
( Va n  Vliet et al., 2 0 1 2 ). I n B as a n k us u ( D R C), t h e r at e  w as 1 7 pri m at es tr a d e d p er visit
(D u p ai n et al., 2 0 1 2 ).  T h e pri m at es pr es e nt i n t h es e  m ar k ets i n cl u d e d s p e ci es of t h e
g e n er a C hl or oce b us , Cerc oce b us , C ol o b us , as  w ell as c hi m p a n z e es a n d b o n o b os (Te xt S 1 ).
I n  D R C, t h e E n d a n g er e d or  Criti c all y E n d a n g er e d l’ H o est’s  M o n k e y (All oc hr oce b us
l h oesti),  Dr y as  m o n k e y (Cerc o pit hec us dr y as ) (F a et al., 2 0 1 4 ),  Gr a u er’s g orill a ( G orill a
beri n gei gr a ueri ) a n d t h e e ast er n c hi m p a n z e e ( P a n tr o gl o d ytes sc h wei nf urt hii ) e x p eri e n c e
hi g h l e v els of p o a c hi n g a n d ar e p art of t h e c o m m er ci al b us h m e at tr a d e ( Fi g. 4 ; Pl u m ptre
et al., 2 0 1 5 , 2 0 1 6 a , 2 0 1 6 b , 2 0 1 6c ; S pir a et al., 2 0 1 7 ). I n  D R C, h u nti n g h as r es ult e d i n
e m pt yi n g of all b ut t h e s m all est b o di e d f a u n al s p e ci es a cr oss l ar g e s w at h es of f or est.
F or e x a m pl e, a l ar g e ar e a of t h e S a n k ur u  N at ur al  Res er v e h as al m ost n o b o n o b os
r e m ai ni n g (Lie n g ol a et al., 2 0 0 9 ); i n a s ur v e y of t h e c orri d or ar e a b et w e e n t h e t w o s e ct ors
of t h e l ar g est n ati o n al p ar k i n t h e c o u ntr y ( S al o n g a), b o n o b os  w er e n e v er f o u n d cl os er
t h a n 1 0 kil o m et ers fr o m t h e n e ar est vill a g e (M aisels,  N k u m u  & B o n ye n ge, 2 0 0 9 ; s e e
Te xt S 1 ).  Gi v e n t h at o nl y 2 1 – 2 7. 5 % of b o n o b os li v e i n pr ot e ct e d ar e as ( Hic ke y et al., 2 0 1 3 ),
t h eir s ur vi v al i nt o t h e n e xt c e nt ur y r e m ai ns i n d o u bt.  H o w e v er, pri m at es li vi n g i n
pr ot e ct e d ar e as als o f a c e si g ni ﬁ c a nt c h all e n g es.  M ost of t h e r e m ai ni n g 3, 8 0 0  Gr a u er’s
g orill as a n d all  m o u nt ai n g orill as ( G orill a beri n gei beri n gei esti m at e d p o p ul ati o n
si z e 8 8 0) ar e r estri ct e d t o pr ot e ct e d ar e as ( Pl u m ptre et al., 2 0 1 6 b ). B e c a us e t h e p o p ul ati o n
d e nsit y of l e m urs,  m o n k e ys, a n d a p es li vi n g o utsi d e of pr ot e ct e d ar e as h as d e cr e as e d
r a pi dl y, t his h as r es ult e d i n a n i n cr e as e i n t h e pri c e or v al u e of pri m at e b us h m e at,
m a ki n g it pr o ﬁt a bl e f or h u nt ers t o ris k pr os e c uti o n b y e nt eri n g i nt o pr ot e ct e d ar e as
(R o ver o et al., 2 0 1 2 ).
P o or er h o us e h ol ds i n t h e f or est e d n ort h w est er n  M a kir a l a n ds c a p e of  M a d a g as c ar r el y
m or e o n  wil dlif e t h a n ri c h er h o us e h ol ds ( G ol de n et al., 2 0 1 6 ).  Wi d es pr e a d h u nti n g of
bl a c k- a n d- w hit e r uff e d l e m urs ( Vareci a v areci a), di a d e m e d sif a k as ( P. di a de m a ) a n d t h e
br o w n l e m ur ( E ule m ur f ul v us ) i n e ast er n  M a d a g as c ar, h as p ut t h es e pri m at es at i n cr e as e d
ris k (Je n ki ns et al., 2 0 1 1). I n p eri o ds f oll o wi n g p oliti c al crisis a n d i nst a bilit y i n
M a d a g as c ar, l e m urs  w er e tr a d e d as a pri z e d s o ur c e of  m e at ( B arrett  &  R atsi m b a z af y,
2 0 0 9 ). L ar g er di ur n al s p e ci es s u c h as t h e bl a c k- a n d- w hit e r uff e d l e m ur, i n dri ( I n dri i n dri),
a n d sif a k a ( Pr o pit hec us s p p.) ar e t ar g et e d b e c a us e tr a diti o n al t a b o os pr ot e cti n g l e m urs
h a v e er o d e d r a pi dl y ( G ol de n, 2 0 0 9 ; Je n ki ns et al., 2 0 1 1). E v e n s m all s p e ci es s u c h as
m o us e l e m urs ( Micr oce b us s p p.) ar e e at e n,  wit h h u nt ers c a p a bl e of c a pt uri n g u p t o 5 0 a
ni g ht; t h e i m p a ct o n  wil d p o p ul ati o ns is c o nsi d er a bl e ( G ar d ner  &  D a vies, 2 0 1 4 ) ( Te xt S 1 ).
Pri m at e b us h m e at c o ns u m pti o n a n d tr a d e i n s o ut h er n S u m atr a r es ults i n h u n dr e ds of
m a c a q u es kill e d  m o nt hl y t o  m e et t h e d e m a n d fr o m  wil d  m e at r est a ur a nts ( K S B K, 2 0 0 2 ).
Ot h er pri m at es e at e n ar e t h e S a n gi h e Isl a n d t arsi ers ( Tarsi us s a n gire nsis; S he kelle  & S ali m,
2 0 0 9 ) a n d B or n e a n or a n g ut a ns ( P o n g o p y g m ae us ; Meij a ar d et al., 2 0 1 1 ). I n B or n e o,
b et w e e n 1, 9 5 0 a n d 3, 1 0 0 or a n g ut a ns ar e kill e d a n n u all y f or c o ns u m pti o n (i n cl u di n g
3 7 5 – 1 5 5 0 f e m al es), si g ni ﬁ c a ntl y i m p a cti n g t h e vi a bilit y of  m a n y s m all is ol at e d
p o p ul ati o ns ( A ncre n a z et al., 2 0 1 5 ; A ncre n a z et al., 2 0 1 6 ; Meij a ar d et al., 2 0 1 1 ; S a nti k a
et al., 2 0 1 7 a ). I n I n d o n esi a, e v e n s u bsist e n c e h u nti n g c a n h a v e  m aj or eff e cts o n pri m at e
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 1 4/ 5 7
p o p ul ati o ns alr e a d y d e ci m at e d b y l a n d c o n v ersi o n a n d h a bit at l oss ( or a n g ut a ns i n
S u m atr a,  Kl oss’ gi b b o ns, pi g-t ail e d l a n g urs,  M e nt a w ai Isl a n d l a n g urs a n d p o p ul ati o ns of
Tr ac h y pit hec us s p p. a n d Pres b ytis s p p. o n ot h ers I n d o n esi a n isl a n ds) (F ue ntes, 1 9 9 8 , 2 0 0 2 ;
P aci ulli, 2 0 0 4 ).
N u m er o us pri m at es i n e a c h of t h e f o ur c o u ntri es c o ns u m e ri p e fr uits a n d s er v e as
i m p ort a nt a g e nts of s e e d, dis p ers al pr o m oti n g f or est r e g e n er ati o n (C h a p m a n et al., 2 0 1 3 ).
T h e e xtir p ati o n of pri m at es d u e t o h u nti n g r es ults i n a c h a n g e i n dis p ers al d y n a mi cs,
t h e si z e a n d distri b uti o n of s e e d s h a d o ws, a r e d u cti o n i n pl a nt g e n eti c di v ersit y a n d
s e e dli n g r e cr uit m e nt (C a u g hli n et al., 2 0 1 5 ; P ac hec o  & Si m o netti, 2 0 0 0 ; Br o die et al., 2 0 0 9 ).
T h er e als o is e vi d e n c e t h at l e m ur p o p ul ati o n d e cli n e h as r es ult e d i n t h e r e d u c e d
vi a bilit y of s e v er al s p e ci es of  M al a g as y tr e es ( Fe der m a n et al., 2 0 1 6 ). Si mil arl y, t h e
p o p ul ati o n c oll a ps e of l ar g er- b o di e d pri m at es i n r es p o ns e t o o v er- h u nti n g i n t h e Br a zili a n
A m a z o n h as i m p a ct e d t h e r e g e n er ati o n of l o n g-li v e d a n d h ar d w o o d tr e e s p e ci es a n d
t his is li k el y t o r e d u c e t h e a bilit y of t h es e f or ests t o st or e c ar b o n (Peres et al., 2 0 1 6 ;
Ste ve ns o n  &  Al d a n a, 2 0 0 8 ).  T h e o v er h u nti n g of pri m at es r e d u c es t h e r e cr uit m e nt of tr e es
w h os e s e e ds t h e y dis p ers e  w hi c h als o r e d u c es f o o d s o ur c es a v ail a bl e t o t h e l o c al
m a m m ali a n a n d a vi a n c o m m u niti es ( A ber net h y et al., 2 0 1 3 ; N u n˜ e z-It urri,  Olss o n  &
H o we, 2 0 0 8 ).
L e g al a n d ill e g al  pri m at e li v e tr a d e
M a n y pri m at e s p e ci es ar e i m p a ct e d b y u ns ust ai n a bl e li v e tr a d e, oft e n or g a ni z e d b y
cri mi n al n et w or ks or s a n cti o n e d b y l o c al a n d n ati o n al g o v er n m e nts ( Fi g. 4 , Al ves, S o ut o  &
B ar b o z a, 2 0 1 0 ; Nij m a n et al., 2 0 1 1 ; Al a m gir et al., 2 0 1 7 ; Ne k aris et al., 2 0 1 3 ; S h a nee,
Me n d o z a  & S h a nee, 2 0 1 5 ; U N O D C, 2 0 1 3 ).  A c c or di n g t o t h e  CI T E S tr a d e d at a b as e,
I n d o n esi a is t h e l e a di n g e x p ort er of li v e pri m at es,  wit h 9 8 % b ei n g eit h er c a pti v e- br e d or
c a pti v e- b or n l o n g-t ail e d  m a c a q u es ( M ac ac a f ascic ul aris ) a n d t h e r e m ai n d er pri n ci p all y
wil d- c a u g ht a ni m als fr o m a n u m b er of ot h er s p e ci es ( Ta bl e 3 ).  M ost of t h e i nt er n ati o n al
tr a d e fr o m I n d o n esi a is f or s ci e nti ﬁ c or bi o m e di c al r es e ar c h ( V.  Nij m a n, 2 0 1 7,
Ta bl e 3 CI T E S t r a d e f r o m I n d o n esi a,  B r a zil,  D R C, a n d  M a d a g as c a r o v e r t h e p e ri o d 2 0 0 6 – 2 0 1 6 ( d at a
f r o m 2 0 1 6 i n c o m pl et e).
C o u nt r y I n d o n esi a  B r a zil D R C M a d a g as c a r
Li v e a ni m als
I m p ort er 1 5, 5 7 9 ( 0. 0 6) 1 6 6 ( 0) 5 6 1 ( 1 0 0) 1 3 ( 7. 6 9)
E x p ort er 1 9, 0 0 9 ( 0. 6 7) 1 5 4 ( 0) 2 1 7 ( 9 7. 2 4) 4 ( 2 5. 0 0)
B o di es, s k el et o ns, s ki ns
I m p ort er 4 0 ( 1 0 0) 0 ( 0) 2 0 ( 9 0. 0 0) 1 1 ( 1 0 0)
E x p ort er 3 ( 0) 1 5 3 ( 6 0. 1 3) 9 ( 1 0 0) 4 7 ( 1 0 0)
S p e ci m e ns
I m p ort er 5 1, 7 4 3 ( 1 2. 6 5) 3 8 5 ( 8 2. 6 0) 4, 8 7 6 ( 9 2. 9 9) 1 7, 6 9 5 ( 1 0 0)
E x p ort er 7 3, 7 8 0 ( 3 3. 0 6) 2, 4 4 9 ( 6 0. 7 6) 4, 1 8 4 ( 9 3. 4 0) 1 0, 8 0 5 ( 9 9. 9 6)
N ot e:
Per c e nt a g e of  wil d- c a u g ht i n br a c k ets. I m p ort er r ef ers t o d at a as r e p ort e d b y t h e v ari o us i m p orti n g c o u ntri es; e x p ort er
r ef ers t o d at a r e p ort e d b y t h e e x p orti n g c o u ntri es, h er e I n d o n esi a, Br a zil,  D R C, a n d  M a d a g as c ar. S o ur c e: htt ps://tr a d e.
cit es. or g/ ( a c c ess e d 1 5  A u g ust 2 0 1 7). S e e Te xt S 1 .
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 1 5/ 5 7
u n p u blis h e d d at a b as e d o n  CI T E S tr a d e d at a). I n  D R C, o v er t h e l ast d e c a d e a  m u c h
s m all er n u m b er (N = 5 8 1) of pri m at es,  m ostl y g u e n o ns ( Cerc o pit hec us s p p.),  w er e
e x p ort e d f or p ur p os es of c o m m er ci al tr a d e, a n d al m ost all  w er e  wil d- c a u g ht. ( V.  Nij m a n,
u n p u blis h e d d at a b as e d o n  CI T E S tr a d e d at a).  H o w e v er, t h er e a p p e ar t o b e  wi d e
dis cr e p a n ci es b et w e e n t h e n u m b ers r e p ort e d b y t h e i m p orti n g c o u ntri es ( N = 5 6 1) a n d
t h e n u m b ers r e p ort e d as e x p ort e d b y  D R C (N = 3 4 7) ( ot h er it e ms, s u c h as s ki n, b o n es,
“s p e ci m e ns ” t ot al 1 6, 2 0 2 r e p ort e d b y i m p ort ers;  D R C r e p ort e d 5, 3 6 4 e x p orts o v er t h e
s a m e p eri o d). I n c o ntr ast, t h e li v e pri m at e tr a d e o ut of  M a d a g as c ar a n d Br a zil a p p e ars t o
b e b ett er c o ntr oll e d,  wit h o nl y 2 4 – 5 1 i n di vi d u als, b o di es a n d s ki ns r e p ort e d.  All pri m at es
e x p ort e d fr o m  M a d a g as c ar  w er e  wil d- c a u g ht ( Ta bl e 3 ).
I n g e n er al, t h e ill e g al tr a d e i n pri m at es is f or p ets,  m e at, a n d  m e di ci n al or  m ysti c al
p ur p os es. I n Br a zil, l e g al i nt er n ati o n al tr a d e i n li v e pri m at es a p p e ars t o b e li mit e d
(S ve nss o n et al., 2 0 1 6 ).  H o w e v er, s ur v e ys of a ni m al  m ar k ets i n Br a zil a n d i n t h e tri- c o u ntr y
b or d er of Per u – C ol o m bi a – Br a zil s h o w e d t h at c a p u c hi n a n d br o w n  w o oll y  m o n k e y
(L a g ot hri x l a g ot hric h a ) b o d y p arts  w er e i m p ort a nt tr a d e it e ms ( Ferreir a et al., 2 0 1 3 ;
Va n  Vliet et al., 2 0 1 4 ) ( Te xt S 1 ).  T h e p et tr a d e i n pri m at es i n I n d o n esi a o c c urs o p e nl y
i n d o z e ns of  m ar k ets, a n d is pr e v al e nt i n S u m atr a, J a v a, a n d B ali, as  w ell as i n I n d o n esi a n
B or n e o a n d o n S ul a w esi. F or e x a m pl e, d uri n g 6 6 visits t o bir d  m ar k ets i n  N ort h S u m atr a,
1 0 s p e ci es of pri m at es t ot ali n g 1, 9 5 3 i n di vi d u als  w er e a v ail a bl e f or s al e ( S he p her d, 2 0 1 0 ).
S o m e 1, 3 0 0 pri m at es  w er e r e c or d e d d uri n g 5 1 s ur v e ys t o si x  m ar k ets o n J a v a a n d B ali
(Nij m a n et al., 2 0 1 7 ).  T his i n cl u d e d i n di vi d u als of ei g ht s p e ci es.  T h e  m ost c o m m o n
pri m at es tr a d e d  w er e  m a c a q u es a n d t h e gr e at er sl o w l oris ( N yctice b us c o uc a n g, Te xt S 1 ).
Sl o w l oris es ar e l o c all y tr a d e d f or  m e di ci n al p ur p os es t hr o u g h o ut I n d o n esi a ( Ne k aris
et al., 2 0 1 0 ) ( Te xt S 1 ). I n  M a d a g as c ar, a st u d y r e p ort e d t h e pr es e n c e of ∼ 3 0, 0 0 0 p et l e m urs
of at l e ast 1 6 s p e ci es o v er a t hr e e- y e ar p eri o d ( Re uter et al., 2 0 1 6 ).
H a r v e sti n g ( c a pt ur e a n d killi n g) t o e xti n cti o n
R a n g e c o ntr a cti o n, c o m bi n e d  wit h u ns ust ai n a bl e b us h m e at h u nti n g a n d c a pt ur e f or
t h e tr a d e of s el e ct e d s p e ci es, s u g g ests t h at hi g h pri c es f or r ar e or dif ﬁ c ult t o a c q uir e
s p e ci es c a n, o v er ti m e, dri v e e v e n l ar g e p o p ul ati o ns t o l o c al e xtir p ati o n.  T h e
A nt hr o p o g e ni c  All e e Eff e ct ( C o urc h a m p et al., 2 0 0 6 ) pr o p os es t h at s u c h e xti n cti o ns ar e
c a us e d  w h e n pri c es f or  wil dlif e pr o d u cts i n cr e as e  wit h s p e ci es r arit y a n d t h at t his
pri c e-r arit y r el ati o ns hi p cr e at es ﬁ n a n ci al i n c e nti v es t o e xtr a ct t h e l ast r e m ai ni n g
i n di vi d u als of a p o p ul ati o n, d es pit e hi g h er s e ar c h a n d h ar v est c osts (H ol de n  &  Mc D o n al d-
M a d de n, 2 0 1 7 ).  A n ot h er st u d y s u g g ests t h at  w hil e r a n g e c o ntr a cti o n ( h a bit at l oss a n d
fr a g m e nt ati o n) c a us es p o p ul ati o n d e cli n es, l o c al d e nsiti es  m a y r e m ai n r el ati v el y st a bl e,
es p e ci all y i n t h e c as e of a ni m als li k e pri m at es i n  w hi c h i n di vi d u als c a n li v e f or 2 0, 3 0,
or  > 4 0 y e ars, f a cilit ati n g h ar v esti n g t o e xti n cti o n of s el e ct e d s p e ci es ( B ur gess et al., 2 0 1 7 ).
T h e a ut h ors als o s h o w e d t h at o p p ort u nisti c e x pl oit ati o n,  w h er e h ar v est ers h u nt or
c a pt ur e r ar e s p e ci es  w hil e c h asi n g t ar g et s p e ci es, c a n si g ni ﬁ c a ntl y r e d u c e p o p ul ati o n
n u m b er.  Cl e arl y, c urr e nt a n d pr e di ct e d r a n g e c o ntr a cti o n a n d a b u n d a n c e d e cli n es
i n cr e as e t h e e xti n cti o n ris k t o h ar v est e d pri m at e s p e ci es i n t h e f o ur c o u ntri es.
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T his d es er v es gr e at er c o nsi d er ati o n i n r es e ar c h, c o ns er v ati o n  m a n a g e m e nt, a n d
pr ot e cti o n pl a ns.
O T H E R  E M E R GI N G  T H R E A T S
I nf e cti o u s  di s e a s e s
A cr oss a nt hr o p o g e ni c all y i m p a ct e d l a n ds c a p es, t h e t hr e at t o pri m at es of e x p os ur e t o
e m er gi n g i nf e cti o us dis e as es r es ulti n g fr o m i n cr e as e d c o nt a ct  wit h h u m a n a n d
d o m esti c at e d a ni m als or p eri o di c e pi z o oti c o ut br e a ks a cr oss a br o a d r e gi o n c a n r es ult i n
l o c al pri m at e p o p ul ati o n d e cli n es or e xtir p ati o ns fr o m ot h er wis e s uit a bl e h a bit at
(H off m a n n et al., 2 0 1 7 ; N u n n  &  Alti zer, 2 0 0 6 ; N u n n  &  Gilles pie, 2 0 1 6 ). B et w e e n  O ct o b er
2 0 0 2 a n d J a n u ar y 2 0 0 4, o ut br e a ks of E V D ( E b ol a  Vir us  Dis e as e) kill e d o v er 9 0 % of t h e
w est er n g orill as ( G orill a g orill a ) a n d p ossi bl y 8 0 % of c hi m p a n z e es i n h a biti n g t h e L ossi
S a n ct u ar y i n n ort h w est  Re p u bli c of  C o n g o ( B er mej o et al., 2 0 0 6 ).  T o d at e, h o w e v er, t h er e
h as n ot b e e n a n E b ol a o ut br e a k ass o ci at e d  wit h a n y s p e ci es of  wil dlif e i n  D R C ( Pi g ott
et al., 2 0 1 4 , 2 0 1 6 ).  D e v el o pi n g v a c ci n es t h at c a n b e a d mi nist er e d s af el y a n d eff e cti v el y t o
fr e e-r a n gi n g p o p ul ati o ns of gr e at a p es  m a y h el p  miti g at e t h e i m p a ct of E V D o ut br e a ks
alt h o u g h t his  w o ul d b e e xtr e m el y c h all e n gi n g si n c e t h es e pri m at es ar e h u nt e d a n d h e n c e
ar e n ot h a bit u at e d t o h u m a ns ( Lee n dert z et al., 2 0 1 7 ). I n  m ost c as es, t h es e v a c ci n es ar e n ot
y et a v ail a bl e e v e n t o l o c al h u m a n p o p ul ati o ns,  w hi c h pr es e nts a n et hi c al dil e m m a
r e g ar di n g  w h et h er or n ot t o pr o vi d e t h es e v a c ci n es t o e n d a n g er e d a p es. I n Br a zil, 8 0 % of
is ol at e d p o p ul ati o ns of bl a c k- a n d- g ol d (Al o u att a c ar a y a ) a n d br o w n (Al o u att a g u ari b a
cl a mit a ns) h o wl er  m o n k e ys i n t w o ar e as i n t h e st at e of  Ri o  Gr a n d e d o S ul  w er e l ost aft er a
Yell o w F e v er ( Y F) e pi z o oti c e v e nt i n 2 0 0 8 a n d 2 0 0 9 ( Al mei d a et al., 2 0 1 1 ; Freit as  & Bicc a-
M ar q ues, 2 0 1 1 ; Vasc o ncel os, 2 0 1 7 ; Vei g a, F ortes  & Bicc a- M ar q ues, 2 0 1 4 ), i n cl u di n g
p o p ul ati o ns i n h a biti n g pr ot e ct e d ar e as ( Fi al h o et al., 2 0 1 2 ). Si n c e 2 0 1 6, a n o n g oi n g  Y F
o ut br e a k i n S o ut h e ast Br a zil h as c a us e d t h e d e at h of t h o us a n ds of pri m at es, i n cl u di n g
t hr e at e n e d s p e ci es s u c h as t h e n ort h er n  m as k e d titi  m o n k e y (C allice b us pers o n at us ) a n d
t h e br o w n h o wl er  m o n k e y. I n  m a n y i nst a n c es,  misi nf or m ati o n r e g ar di n g v e ct ors of  Y F
dis e as e tr a ns missi o n h as r es ult e d i n  m e m b ers of t h e l o c al h u m a n p o p ul ati o n
e xt er mi n ati n g n e ar b y  m o n k e y p o p ul ati o ns ( Bicc a- M ar q ues et al., 2 0 1 7 ) ( Te xt S 1 ).
S us c e pti bl e pri m at e p o p ul ati o ns i n h a biti n g pr ot e ct e d ar e as als o ar e v ul n er a bl e t o
t h e i ntr o d u cti o n of e x oti c ( n o n- n ati v e or ali e n) p at h o g e ni c a g e nts i nt o t h e n aı¨ v e
p o p ul ati o n, a pr o c ess k n o w n as p at h o g e n p oll uti o n ( D as z a k,  C u n ni n g h a m  &  H y att, 2 0 0 0 ).
T h e d e at h of i ntr o d u c e d  m ar m os ets ( C allit hri x s p p.) i nf e ct e d  wit h h u m a n h er p es vir us 1
i n a Br a zili a n n at ur e r es er v e ill ustr at es h o w pr o xi mit y t o h u m a ns c a n ris k t h e s ur vi v al of
wil d pri m at e p o p ul ati o ns ( L o n g a et al., 2 0 1 1 ).  T h e ris k of e pi z o oti c dis e as e tr a ns missi o n is
p arti c ul arl y s eri o us f or t h os e pri m at es li vi n g n e ar or  wit hi n r e gi o ns i n h a bit e d b y d e ns e
h u m a n p o p ul ati o ns, s u c h as i n  m ost of I n d o n esi a,  w h er e Stre pt oc occ us e q ui c a us e d hi g h
m ort alit y a m o n g l o n g-t ail e d  m a c a q u es i n 1 9 9 4 ( S oe d ar m a nt o et al., 1 9 9 6 ). I n I n d o n esi a,
o ut br e a ks of  m e asl es, r u b ell a, a n d p ar ai n ﬂ u e n z a h a v e aff e ct e d t h e s ur vi v ors hi p of l o n g-
t ail e d  m a c a q u e (M. f ascic ul aris ) gr o u ps li vi n g i n cl os e c o nt a ct  wit h h u m a ns ( Sc hill aci
et al., 2 0 0 6 ). I n  M a d a g as c ar, l e m urs i n h a biti n g f or ests n e ar h u m a n s ettl e m e nts ar e e x p os e d
t o p at h o g e ni c e nt er o b a ct eri a (E. c oli , S hi gell a s p p., S al m o nell a e nteric a , Vi bri o c h oler a a n d
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Yersi ni a s p p.; B u blit z et al., 2 0 1 5 ), pr otists (Cr y pt os p ori di u m s p.; R as a m b ai n ari v o et al.,
2 0 1 3 ; To x o pl as m osis g o n dii ) a n d vir us es (Her pes vir us h o mi nis a n d  West  Nil e Fl a vi vir us ;
J u n ge  & S a ut her, 2 0 0 6) f o u n d i n h u m a ns, li v est o c k, p ets a n d p eri d o m esti c r o d e nts. Li k el y
or pr o v e n c as es of tr a ns missi o n of h u m a n dis e as es t o gr e at a p es i n cl u d e e nt er o b a ct eri a,
h u m a n h er p es si m pl e x vir us, a  m e asl es-li k e dis e as e, a p oli o-li k e dis e as e, r es pir at or y
dis e as es, a n d s c a bi es ( Gil ar di et al., 2 0 1 5 ).
Cli m at e c h a n g e
E vi d e n c e f or t h e i m p a ct of l o c al a n d gl o b al cli m at e c h a n g e o n pri m at e p o p ul ati o ns is
li mit e d.  H o w e v er, c urr e nt ass ess m e nts i n di c at e t h e e x p e ct e d e xtr e m es i n t e m p er at ur e a n d
r ai nf all  will p ut pri m at es at si g ni ﬁ c a nt ris k (s e e Fi g. 2 of Gr a h a m,  M att he ws  &  T ur ner,
2 0 1 6 ).  Cli m at e c h a n g e pr oj e cti o ns s u g g est t h at Br a zil’s f o ur e n d e mi c s p e ci es of  Atl a nti c
f or est li o n t a m ari ns (Le o nt o pit hec us s p p.)  will e x p eri e n c e  m aj or s hifts a n d/ or r e d u cti o ns i n
h a bit at s uit a bilit y i n t h e c o mi n g d e c a d es ( Me yer, Pie  & P ass os, 2 0 1 4 ). Si mil arl y, t h e
distri b uti o n of t h e n ort h er n  m uri q ui ( Br ac h yteles h y p o x a nt h us ) is e x p e ct e d t o b e r e d u c e d
b y  m or e t h a n h alf of its pr es e nt ar e a,  wit h a l ar g e d e cli n e i n t h e f ut ur e s uit a bilit y of
c urr e ntl y pr ot e ct e d r es er v es d u e t o cli m at e c h a n g e ( Mel o et al., 2 0 1 6 ). I n  M a d a g as c ar,
i n r es p o ns e t o cli m at e c h a n g e  m ost l e m ur s p e ci es ar e e x p e ct e d t o e x p eri e n c e  m ar k e d
r e d u cti o ns i n p o p ul ati o n n u m b er a n d distri b uti o ns, e v e n i n t h e a bs e n c e of f ut ur e
a nt hr o p o g e ni c d ef or est ati o n,  wit h pr e di ct e d d e cli n es of ∼ 6 0 % f or l e m urs’ h a bit ats
(Br o w n  & Yo der, 2 0 1 5 ).
Cli m at e c h a n g e  will li k el y i n cr e as e pri m at e e x p os ur e t o p ot e nti all y h ar mf ul h u m a n-
b or n e p ar asit es, tri g g er e d, f or e x a m pl e, b y i n cr e as es i n t e m p er at ur e a n d r ai nf all l e a di n g
t o f ast er p ar asit e r e pr o d u cti o n or l o n g er p eri o ds of p ar asit e tr a ns missi bilit y i n pri m at e
ri c h r e gi o ns (B arrett et al., 2 0 1 3 ).  Alt h o u g h c ert ai n s p e ci es  m a y b e s u c c essf ul i n s hifti n g
t h eir r a n g e i nt o n e wl y cr e at e d or e x p a n d e d e n vir o n m e nts, t his is li k el y t o h a v e n e g ati v e
c o ns e q u e n c es f or ot h er s p e ci es t h at ar e dis pl a c e d or o ut c o m p et e d ( Sc hl oss,  N u n˜ e z  &
L a wler, 2 0 1 2 ). F or e x a m pl e, f or est fr a g m e nt ati o n r es ulti n g fr o m c h a n gi n g cli m at es is
e x p e ct e d t o li mit t h e a v ail a bilit y of dis p ers al r o ut es us e d b y titis ( C allice b us s p p.) i n
e ast er n Br a zil ( G o u vei a et al., 2 0 1 6 ).  M or e o v er i n t h e f ut ur e, pr ot e ct e d ar e as a n d p ar ks
cr e at e d t o s ust ai n t hr e at e n e d s p e ci es  m a y n o l o n g er b e s uit a bl e d u e t o c h a n g es i n
v e g et ati v e c o v er i n r es p o ns e t o cli m at e c h a n g e, or i n di vi d u als  m a y  mi gr at e i nt o
n ei g h b ori n g a n d u n pr ot e ct e d f or ests  w h er e t h e y ar e e x p os e d t o h u nt ers or l o c al r esi d e nts
(Ar a u´ j o et al., 2 0 0 4; M al hi et al., 2 0 0 8 ; Str ue bi g et al., 2 0 1 5 ; Wie der h olt  & P ost, 2 0 1 0 ).
Pr oj e cti o ns of cli m at e c h a n g e i n  C e ntr al  Afri c a ar e l ess cl e ar ( A ber net h y,  M aisels  &  W hite,
2 0 1 6 ).  H o w e v er, r ai nf all d e cli n e  m a y o c c ur, l e a di n g t o a r e d u cti o n i n f or est c o v er i n
D R C ( B e ye ne, L u d wi g  & Fr a nsse n, 2 0 1 3 ); ot h er  w or k s u g g ests t h e o p p osit e  m a y b e tr u e
(Zel a z o ws ki et al., 2 0 1 1 ).  R e g ar dl ess, cl e ari n g of a d diti o n al f or est f or a gri c ult ur e r es ults
i n l a n d d esi c c ati o n  w hi c h  w h e n c o m bi n e d  wit h dr o u g hts a n d El  Ni n˜o e pis o d es r es ult
i n e xt e nsi v e  wil d ﬁr es (L a ur a nce, S a yer  &  C ass m a n, 2 0 1 4 ; Worl d B a n k, 2 0 1 7 ), i m p a cti n g
pri m at e p o p ul ati o ns ( Gr a h a m,  M att he ws  &  T ur n er, 2 0 1 6 ).  T h e  m ost f or c ef ul e x a m pl e of
t his is h u m a n- m a d e ﬁr es t h at r es ult e d i n t h e b ur ni n g of 2. 6  M h a of l a n d i n I n d o n esi a
b et w e e n J u n e a n d  O ct o b er of 2 0 1 5.  T h es e ﬁr es  w er e f e d b y dr o u g ht a n d t h e eff e cts of a
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pr ol o n g e d El  Ni n˜ o.  D e gr a d e d p e atl a n ds,  m ost of t h e m f o u n d i n S u m atr a,  K ali m a nt a n,
a n d P a p u a Pr o vi n c e, I n d o n esi a ar e p arti c ul arl y s e nsiti v e t o ﬁr es t h at e asil y s pr e a d t o
a dj a c e nt f or ests. F or e x a m pl e, t h e 2 0 1 5 ﬁr es b ur n e d s o m e 7 0 0  K h a of n at ur al f or est,
s w a m p f or est a n d f or estr y c o n c essi o ns pl us 5 0 5. 8  K h a of p al m oil c o n c essi o ns ( Worl d
B a n k, 2 0 1 7 ).  T h er ef or e,  miti g ati n g cli m at e c h a n g e i m p a cts o n t h e p ot e nti al f or  m ass ﬁr es
is criti c al f or pri m at e s ur vi v ors hi p i n I n d o n esi a.
H U M A N  P O P U L A TI O N
Tr e n d s a n d  pr oj e cti o n s i n  h u m a n  p o p ul ati o n  gr o wt h
E n vir o n m e nt al pr ess ur es e x ert e d b y a gr o wi n g h u m a n p o p ul ati o n ar e a  m aj or dri v er of
pri m at e h a bit at a n d p o p ul ati o n d e cli n e i n e a c h c o u ntr y ( Crist,  M or a  & E n gel m a n, 2 0 1 7 ).
I n 2 0 1 6, I n d o n esi a  w as t h e  m ost p o p ul o us of t h e f o ur c o u ntri es  wit h sli g htl y o v er
2 6 3  milli o n p e o pl e, f oll o w e d b y Br a zil ( a b o ut 2 1 1  milli o n),  D R C ( a b o ut 8 0  milli o n),
a n d  M a d a g as c ar ( a b o ut 2 6  milli o n).  H u m a n p o p ul ati o n d e nsit y is hi g h est i n I n d o n esi a
( 1 4 5 p e o pl e/ k m 2 ) a n d l o w est i n Br a zil ( 2 5 p e o pl e/ k m 2 ) ( Ta bl e 4 ; Te xt S 1 ). P o p ul ati o n
gr o wt h r at es f or 2 0 1 6  w er e hi g h est i n  D R C ( 3. 0 9 %/ yr) a n d  M a d a g as c ar ( 2. 7 5 %/ yr), l o w er
i n I n d o n esi a ( 1. 0 7 %/ yr) a n d l o w est i n Br a zil ( 0. 7 7 %/ yr) (Ta bl e 4 ).  H u m a n p o p ul ati o n
pr oj e cti o ns f or t h e y e ar 2 0 5 0 i n di c at e c o nti n u e d gr o wt h i n all f o ur c o u ntri es  wit h  D R C
s h o wi n g t h e st e e p est i n cr e as e, f oll o w e d b y  M a d a g as c ar, I n d o n esi a, a n d Br a zil. I n Br a zil
a n d I n d o n esi a,  m u c h of t his p o p ul ati o n gr o wt h is e x p e ct e d t o o c c ur i n ur b a n ar e as
(Fi g. 5 ).  Als o, alt h o u g h i n t h e s h ort t er m r ur al p o p ul ati o ns ar e e x p e ct e d t o e x p a n d r a pi dl y
i n  D R C a n d  M a d a g as c ar, pr oj e cti o ns s u g g est t h at b y 2 0 5 0 t h eir ur b a n p o p ul ati o n
( 6 9 % of t h e p o p ul ati o n of  D R C a n d 5 5 % of t h e p o p ul ati o n i n  M a d a g as c ar)  will s ur p ass
t h eir r ur al p o p ul ati o n (Fi g. 5 ).  T h e l ar g e si z e a n d pr oj e ct e d i n cr e as e of t h e p o p ul ati o n
i n all f o ur c o u ntri es i n t h e ﬁrst h alf of t his c e nt ur y is e x p e ct e d t o e x p o n e nti all y e xt e n d
t h e h u m a n a n d ur b a n f o ot pri nt o n pri m at e h a bit ats, n e ar a n d b e y o n d citi es.  T h es e
n e g ati v e i m p a cts  will r es ult fr o m i n cr e asi n g d e m a n ds f or e n er g y, s p a c e, f o o d,  w at er,
mi n er als, oil, c o nstr u cti o n  m at eri al, f or est pr o d u cts, a n d tr a ns p ort ati o n, as  w ell as fr o m
e n vir o n m e nt al d a m a g e c a us e d b y p oll uti o n a n d b y t h e e x p a nsi o n of r o a d a n d r ail
n et w or ks t o s atisf y f o o d a n d n o n-f o o d ur b a n n e e ds ( Estr a d a, 2 0 1 3 ; Estr a d a et al., 2 0 1 7 ).
Alt h o u g h citi es c o n c e ntr at e p o v ert y, t h e y als o ar e pl a c es of i n n o v ati o n, k n o wl e d g e,
Ta bl e 4 L a n d a r e a, 2 0 1 6 h u m a n p o p ul ati o n si z e, p o p ul ati o n d e nsit y, a n d p o p ul ati o n g r o wt h r at es i n
B r a zil,  M a d a g as c a r, I n d o n esi a, a n d  D R C.
B r a zil  M a d a g as c a r I n d o n esi a  D R C
L a n d ar e a k m 2 8, 5 1 5, 7 6 7 5 8 7, 0 4 1 1, 9 0 4, 5 6 9 2, 3 4 4, 8 5 8
2 0 1 6 P o p ul ati o n 2 0 7, 8 5 2, 8 6 5 2 5, 5 6 6, 0 9 7 2 6 3, 3 5 4, 7 7 0 8 0, 0 7 1, 9 3 5
2 0 1 6 P o p ul ati o n i n ur b a n ar e as 8 2 % 3 4 % 5 2 % 3 9 %
2 0 1 6  D e nsit y ( p ers o ns/ k m 2 ) 2 5 4 4 1 4 5 3 6
2 0 1 6 P o p ul ati o n gr o wt h r at e ( %) F A O 0. 7 7 2. 7 5 1. 0 7 3. 0 9
2 0 1 6 P o p ul ati o n gr o wt h r at e ( %)  W orl d B a n k 0. 8 2 2. 6 9 1. 1 4 3. 2 8
N ot e:
S o ur c e: F A O St ats, htt p:// w w w.f a o. or g/f a ost at/ e n ; t h e  W orl d B a n k, htt p:// d at a. w orl d b a n k. or g/ d at a- c at al o g/ w orl d-
d e v el o p m e nt-i n di c at ors ( a c c ess e d 5 F e br u ar y 2 0 1 8).
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 1 9/ 5 7
t e c h ni c al e x p ertis e, a n d l e a d ers hi p (v a n  Gi n kel, 2 0 0 8 ) off eri n g i m p ort a nt d e cisi o n- m a ki n g
t o ols f or pri m at e c o ns er v ati o n. F or e x a m pl e, gr e e n ( e n vir o n m e nt all y fri e n dl y) p oli c y
i niti ati v es s u c h as r e c y cli n g, d es ali n ati o n a n d  w at er tr e at m e nt, a c o m mit m e nt t o
r e- us e a bl e e n er g y, a n d ot h ers c a n li mit a citi es e c ol o gi c al f o ot pri nt ( B utler  & L a ur a nce,
2 0 0 8 ).  T h es e p oli c y c h a n g es off er t h e o p p ort u nit y f or t h es e f o ur c o u ntri es t o t a k e
a d v a nt a g e of t h e  m o v e m e nt of p e o pl e fr o m r ur al t o ur b a n ar e as t o r ei n v est i n f or est
r e c o v er y a n d h a bit at r est or ati o n i n t h es e n e wl y v a c a nt s p a c es ( As hr af, P a n de y  & de J o n g,
2 0 1 6 ), a n d t h er e b y pr o m ot e c o ns er v ati o n p oli ci es f a v o uri n g pri m at e p o p ul ati o n r e c o v er y
a n d e x p a nsi o n.
S O CI O E C O N O MI C I N DI C A T O R S  A N D  H U M A N
D E V E L O P M E N T
Gr o s s  d o m e sti c  pr o d u ct  p er c a pit a
Eff e cti v e a n d l o n g-t er m pri m at e c o ns er v ati o n r e q uir es e c o n o mi c r es o ur c es, a d e q u at e
c o ns er v ati o n p oli ci es, eff e cti v e l a w e nf or c e m e nt, c o ns er v ati o n- ori e nt e d r es e ar c h, a n d
p u bli c i nt er est. If hi g h l e v els of p o v ert y ar e pr e d o mi n a nt, c o u ntr y- wi d e pri m at e
c o ns er v ati o n  will b e a l o w n ati o n al pri orit y.  T h e 2 0 1 5  Gr oss  D o m esti c Pr o d u ct Per  C a pit a
( G D P P C) of Br a zil,  M a d a g as c ar, I n d o n esi a a n d  D R C,  w as, o n a v er a g e, l o w er t h a n t h e
Fi g u r e 5 T ot al u r b a n a n d r u r al p o p ul ati o n g r o wt h a n d p r oj e cti o ns f o r ( A)  B r a zil, ( B)  D R C, ( C)
M a d a g as c a r, a n d ( D) I n d o n esi a. St e e p gr o wt h is f or e c ast e d f or t h e n e xt f e w d e c a d es  wit h ur b a n
p o p ul ati o ns si g ni ﬁ c a ntl y i n cr e asi n g,  w hil e r ur al p o p ul ati o ns ar e e x p e ct e d t o d e cli n e. S o ur c e: htt p://
w w w.f a o. or g/f a ost at/ e n/ # d at a ( a c c ess e d 1 5  A u g ust 2 0 1 7). F ull-si z e D OI: 1 0. 7 7 1 7/ p e erj. 4 8 6 9/ ﬁ g- 5
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 2 0/ 5 7
w orl d’s a v er a g e ( $ 1 0, 1 3 0) a n d si g ni ﬁ c a ntl y l o w er t h a n t h e a v er a g e  G D P P C f or t h e t o p
2 5  m ost d e v el o p e d n ati o ns ( $ 5 7, 5 0 9).  A m o n g t h e f o ur c o u ntri es,  D R C a n d  M a d a g as c ar
h a v e t h e l o w est 2 0 1 5  G D P P C v al u es ( $ 4 5 2 a n d $ 4 0 2, r es p e cti v el y; I n d o n esi a $ 3, 3 4 6;
Br a zil $ 8, 6 7 8) ( Ta bl e S 5 ).  C h a n g es i n t h e  G D P P C fr o m 1 9 9 0 t o 2 0 1 5 f or t h es e f o ur pri m at e-
ri c h est c o u ntri es i n di c at e  m aj or g ai ns f or I n d o n esi a a n d Br azil  w h er e as t h e  G D P P C h as
r e m ai n e d v er y l o w i n  D R C a n d  M a d a g as c ar ( Fi g. 6 ).  T his is c o nsist e nt  wit h l e vels of c hil d
m al n utriti o n.  T h e p er c e nt of c hil dre n  w h o ar e u n d er w ei g ht i n Br a zil is 3. 7 % ( 2 0 0 2), i n
I n d o n esi a 1 9. 9 % ( 2 0 1 3), i n  D R C 2 3. 4 % ( 2 0 1 3) a n d i n  M a d a g as c ar 3 6. 8 % ( 2 0 0 4). I n
c o ntr ast t h e v al u es f or hi g h i n c o m e c o u ntri es is 0. 9 % ( 2 0 1 6) ( Worl d B a n k, 2 0 1 7 ).
H u m a n  d e v el o p m e nt
T h e 2 0 1 5  U N  H u m a n  D e v el o p m e nt I n d e x ( H DI; a c o m bi n ati o n of lif e e x p e ct a n c y, s c h o ol
e nr oll m e nt, lit er a c y, a n d i n c o m e,  wit h t h e L o w est h u m a n d e v el o p m e nt  = 0;  Hi g h est  = 1. 0;
U nit e d  N ati o ns  D e v el o p m e nt Pr o gr a m m e ( U N D P); htt p:// w w w. u n d p. or g/ c o nt e nt/ u n d p/
e n/ h o m e. ht ml ) i n di c at es t h at  D R C a n d  M a d a g as c ar h a v e t h e l o w est v al u es a m o n g t h e
f o ur c o u ntri es,  w hil e t h e  H DI v al u es f or Br a zil a n d I n d o n esi a a p pr o a c h t h e  w orl d’s
a v er a g e ( Fi g. 7 ). I n g e n er al, t h e  H DI i n cr e as e d i n all f o ur c o u ntri es fr o m 1 9 9 0 t o 2 0 1 5, b ut
w hil e t h e  H DI i n cr e as e i n Br a zil a n d I n d o n esi a p ar all el e d i n cr e as es i n t h e  w orl d’s a v er a g e,
h u m a n d e v el o p m e nt r e m ai n e d r el ati v el y st a g n a nt f or  M a d a g as c ar a n d  D R C ( Fi g. 7 ).
Val u es of t h e  H DI f or t h es e f o ur c o u ntri es ar e, n o n et h el ess, q uit e l o w c o m p ar e d t o
t h os e hi g h est r a n ki n g 2 5 c o u ntri es  w orl d wi d e (Fi g. 7 ; Ta bl e S 5 ). L o w l e v els of  H DI ar e
Fi g u r e 6 ( A)  Gr oss  D o m esti c Pr o d u ct p er c a pit a ( G D P P C I nt er n ati o n al  U S D) i n t h e f o ur c o u ntri es f or
t h e p eri o d 1 9 9 0 t o 2 0 1 5. I n cl u d e d f or c o m p aris o n are t h e  w orl d’s a ver a g e a n d t h e a ver a g e f or t h e t o p 2 5  m ost
d e vel o p e d n ati o ns. ( B)  Tre n ds f or  D R C a n d  M a d a g as c a r. ( C) Perce nt g ai n f or e a c h c o u ntr y f or 1 9 9 0 – 2 0 0 6.
Av ail a bl e at htt p:// d at a. w orl d b a n k. or g/i n di c at or/ N Y. G D P. P C A P. C D? c o nt e xt u al = m a x &l o c ati o ns = B R & ye ar _
hi g h _ des c =f als e ; htt p:// d at a. w orl d b a n k. or g/ i n di c at or/ N Y. G D P. P C A P. C D ( a ccess e d  N o ve m b er 2 0 1 7).
F ull-siz e D OI: 1 0. 7 7 1 7/ p e erj. 4 8 6 9/ ﬁ g- 6
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 2 1/ 5 7
c o m m o nl y ass o ci at e d  wit h p oliti c al i nst a bilit y, e xtr e m e i n c o m e i n e q u alit y, a n d li mit e d
e n vir o n m e nt al pr ot e cti o n ( Als a m a wi et al., 2 0 1 4 ; Ne u m a yer, 2 0 1 7 ).  W hil e t h es e f o ur
pri m at e-ri c h c o u ntri es h a v e  m u c h t o a c hi e v e i n h u m a n d e v el o p m e nt c o m p ar e d t o t h e
t o p 2 5 d e v el o p e d n ati o ns, it als o is cl e ar t h at t h e e c o n o mi c st a n di n g a n d h u m a n
d e v el o p m e nt of Br a zil a n d I n d o n esi a ar e f oll o wi n g a tr aj e ct or y t h at is diff er e nt fr o m t h at
of  D R C a n d  M a d a g as c ar ( Fi g. 7 ).  T h es e l att er t w o c o u ntri es f a c e  m or e s eri o us c h all e n g es
i n s e c uri n g r es o ur c es f or t h eir h u m a n p o p ul ati o n a n d f or pri m at e c o ns er v ati o n.
Ci vil c o nfli ct
Ci vil u nr est a n d c o n ﬂi ct als o aff e ct pri m at e s ur vi v ors hi p d u e t o i n dis cri mi n at e b o m bi n g,
t h e s pr e a d of t o xi c c h e mi c als (D o u gl as  &  Alie, 2 0 1 4 ; L o uc ks et al., 2 0 0 9 ), i n cr e as es i n t h e
a v ail a bilit y of ﬁr e ar ms, a n d t h e i n cr e as e i n b us h m e at h u nti n g b y s ol di ers a n d dis pl a c e d
ci vili a ns. P o a c hi n g of  m a n y pri m at es i n cl u di n g gr a y- c h e e k e d  m a n g a b e ys ( L o p h oce b us
al bi ge n a ), b o n o b os a n d  Gr a u er’s g orill as, f or e x a m pl e, h as i n cr e as e d  m ar k e dl y i n  D R C
b e c a us e of o n g oi n g ci vil  w ars ( D o u gl as  &  Alie, 2 0 1 4 ; I U C N  & I C C N, 2 0 1 2; Mc Neel y, 2 0 0 3 ;
Pl u m ptre et al., 2 0 1 6 a ). L a n d mi n es, t h e l e g a c y of  w ars i n t h e 1 9 6 0’s, 1 9 7 0’s, a n d 1 9 9 0’s,
a n d n u m er o us  militi a gr o u ps c o nti n u e t o j e o p ar di z e  m o n k e ys a n d a p es i n  D R C,  w h er e
ci vil c o n ﬂi ct h as i nt err u pt e d  wil dlif e pr ot e cti o n b y g u ar ds i n n ati o n al p ar ks ( e. g.,  Vir u n g a;
Fi g u r e 7 T h e 1 9 9 0 – 2 0 1 5  H u m a n  D e v el o p m e nt I n d e x ( H DI) i n  B r a zil, I n d o n esi a,  M a d a g as c a r, a n d
D R C ( L o w est h u m a n d e v el o p m e nt  = 0; hi g h est  = 1. 0).  Als o s h o w n is t h e a v e r a g e  H DI f o r t h e
w o rl d a n d f o r t h e t o p 2 5  m ost d e v el o p e d n ati o ns. T h e n u m b er i n p ar e nt h es es aft er e a c h c o u ntr y
i n di c at es t h eir  H DI  w orl d r a n k.  T h e n u m b er i n p ar e nt h esis aft er t h e n a m e of e a c h c o u ntr y i n di c at es its
H DI r a n ki n g c o m p ar e d t o 1 8 8 c o u ntri es.  N o d at a ar e a v ail a bl e f or  M a d a g as c ar f or 1 9 9 0. S o ur c e:  U nit e d
N ati o ns  D e v el o p m e nt Pr o gr a m ( htt p:// h dr. u n d p. or g/ e n/ c o m p osit e/tr e n d ( a c c ess e d 1 1 J a n u ar y 2 0 1 8).
F ull-si z e D OI: 1 0. 7 7 1 7/ p e erj. 4 8 6 9/ ﬁ g- 7
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 2 2/ 5 7
K al pers et al., 2 0 0 3 ; Mc Neel y, 2 0 0 3 ).  C urr e ntl y, h e a vil y ar m e d  militi as i n t h e  K as ai  Distri ct,
N ort h  Ki v u a n d S o ut h  Ki v u i n  D R C ﬁ g ht f or et h ni c a n d p oliti c al c o ntr ol a n d, t o g et h er
wit h ill e g al  mi n ers, pr os p e ct f or “c o n ﬂi ct  mi n er als ” ( e. g., c olt a n, ti n, t a nt al u m, t u n gst e n,
a n d g ol d) a n d di a m o n ds, a n d h u nt pri m at es as b us h m e at ( G a vi n, 2 0 1 7 ; Nelle m a n n,
Re d m o n d  &  Re ﬁsc h, 2 0 1 0 ). Si mil arl y, b or d er c o n ﬂi cts b et w e e n I n d o n esi a a n d  M al a ysi a
o n t h e isl a n d of B or n e o h a v e c a us e d d a m a g e t o t h e f or est a n d  wil dlif e. I n t h e 1 9 9 0s,
h o w e v er, b usi n ess a n d  milit ar y l e a d ers c oll u d e d t o s us p e n d c o n ﬂi ct i n or d er t o c ut
d o w n a n d b ur n  milli o ns of h e ct ar es of f or est t o pl a nt c as h cr o ps ( Mc Neel y, 2 0 0 3 ),
i m p a cti n g t h e s ur vi v al of e ntir e pri m at e c o m m u niti es.  Ci vil c o n ﬂi ct als o alt ers l a n d us e
p att er ns a n d c a n l e a d t o i n cr e as e d u nr e g ul at e d f or est c o n v ersi o n. I n t h e n ort h S u m atr a n
r e gi o n of  A c e h, f or e x a m pl e, h u m a n c o n ﬂi cts c o m bi n e d  wit h f or est ﬁr es a n d l e g al a n d
ill e g al l o g gi n g l e d t o a r e d u cti o n i n f or est c o v er of gr e at er t h a n 3 0 % fr o m 1 9 9 0 t o
2 0 1 0 ( M ar g o n o et al., 2 0 1 2 ).  Dis p ut es o v er l a n d ri g hts, pri v at e c or p or at e a cti o ns, a n d
g o v er n m e nt al r e g ul ati o ns als o h a v e l e d t o f or est b ur ni n g a n d l a n d- cl e ari n g a cr oss t h e
isl a n d of S u m atr a, dir e ctl y t hr e at e ni n g t h e S u m atr a n l a n g ur, b a n d e d l a n g ur (P. fe m or alis ),
a n d  T h o m as’s l a n g ur ( P. t h o m asi ), as  w ell as B or n e a n or a n g ut a ns a n d  M u¨ ll er’s gi b b o ns i n
I n d o n esi a n B or n e o (L a nj o u w, 2 0 1 4 ; Meij a ar d  &  Nij m a n, 2 0 0 0 ; S u pri at n a et al., 2 0 1 7 ).
Ci vil u nr est, i nt er- c o u ntr y  w ars a n d c o nti n u e d  milit ari z ati o n c o ntri b ut e t o t h e
dis pl a c e m e nt of t h e l o c al h u m a n p o p ul ati o n, i n cr e asi n g p o v ert y, s o ci al i ns e c urit y, a n d
e n vir o n m e nt al d a m a g e.  T h e 2 0 1 7  G PI ( htt p:// e c o n o mi cs a n d p e a c e. or g/ ),  w hi c h  m e as ur es
o n g oi n g d o m esti c a n d i nt er n ati o n al c o n ﬂi ct ( O DI C), s o ci et al s af et y a n d s e c urit y a n d
milit ari z ati o n ( I E P, 2 0 1 7) r a n k  D R C as h a vi n g t h e hi g h est v al u es a m o n g t h e f o ur c o u ntri es
( Ta bl e 5 ).  M a d a g as c ar a n d I n d o n esi a h a v e l o w er  G PI v al u es f or all t hr e e i ns e c urit y
m e as ur es, a n d Br a zil h as a l o w v al u e f or j ust o n e  m e as ur e,  O DI C.  W h e n a c o u ntr y’s
e c o n o mi c, p oliti c al a n d h u m a n r es o ur c es ar e dr ai n e d t o d e al  wit h o n g oi n g ci vil a n d et h ni c
c o n ﬂi cts a n d s o ci et al s af et y, pri m at e c o ns er v ati o n is n ot a pri orit y. I ns e c urit y a n d l a c k
of p ers o n al s af et y i n t h es e c o u ntri es ar e e n h a n c e d b y pr e v aili n g c orr u pti o n a n d
l o w- q u alit y g o v er n a n c e (s e e b el o w).
C o rr u pti o n,  g o v er n a n c e  q u alit y a n d  pri m at e c o n s er v ati o n
C orr u pti o n is a  m aj or t hr e at t o pri m at es b e c a us e it dist orts e n vir o n m e nt al l a ws, gi vi n g
w a y t o d ef or est ati o n a n d l a n d s p e c ul ati o n a n d pr o m oti n g p o v ert y a n d ill e g al a cti viti es,
Ta bl e 5 T h e  Gl o b al P e a c e I n d e x r a n ki n g.
C o u nt r y O DI C r a n k S S S MI LI T
Br a zil ( 8t h e c o n o m y) 1 7 1 1 6 1 0 9
D R C ( 9 0t h e c o n o m y) 1 5 3 1 2 7 1 0 7
M a d a g as c ar ( 1 3 4t h e c o n o m y) 6 8 4 2 2 3
I n d o n esi a ( 1 5t h e c o n o m y) 9 2 4 4 1 4
N ot es:
R a n ki n g b as e d o n t h e v al u es of t h e  G PI of 1 6 3 c o u ntri es.  Hi g h v al u es  =  A hi g h er r a n ki n g r e pr es e nts a  m or e u nf a v or a bl e
c o n diti o n f or t h e t hr e e di m e nsi o ns of t h e  G PI. S o ur c es:  Gl o b al Pe a c e I n d e x htt p:// e c o n o mi cs a n d p e a c e. or g ( a c c ess e d
1 0  O ct o b er 2 0 1 7); e c o n o mi c r a n ki n g:  W orl d E c o n o mi c  O utl o o k  D at a b as e ( htt ps:// w w w.i mf. or g/ e xt er n al/ p u bs/ft/ w e o/
2 0 1 7/ 0 1/ w e o d at a/i n d e x. as p x ) ( a c c ess e d 1 1  O ct o b er 2 0 1 7).
O DI C,  O n g oi n g  D o m esti c a n d I nt er n ati o n al  C o n ﬂi ct; S S S, S o ci et al S af et y a n d S e c urit y;  MI LI T  Milit ari z ati o n.
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 2 3/ 5 7
i n cl u di n g  mi ni n g, p o a c hi n g, l o g gi n g, a n d t h e pri m at e tr a d e.  C orr u pti o n a n d i n e q u alit y
i nt er a ct b y g e n er ati n g a vi ci o us cir cl e of gr e e d, t h e u n e q u al distri b uti o n of p o w er i n
s o ci et y, a n d t h e u n e q u al distri b uti o n of  w e alt h.  T h e 2 0 1 6  Tr a ns p ar e n c y I nt er n ati o n al
C PI ( 0: hi g hl y c orr u pt t o 1 0 0: v er y cl e a n) pr o ﬁli n g 1 7 6 c o u ntri es ( Tr a ns p are nc y
I nter n ati o n al, 2 0 1 6) pl a c es Br a zil  wit h a s c or e of 4 0 (r a n k 7 9), I n d o n esi a a s c or e 3 7 (r a n k
9 0),  M a d a g as c ar a s c or e 2 6 (r a n k 1 4 5), a n d  D R C  wit h a s c or e of 2 1 (r a n k 1 5 6), c o nsist e nt
wit h t h e hi g h l e v els of c orr u pti o n pr es e nt i n all f o ur c o u ntri es, b ut es p e ci all y i n
M a d a g as c ar,  D R C ( Tr a ns p are nc y I nter n ati o n al, 2 0 1 6 ), a n d  m ost r e c e ntl y i n Br a zil.
C orr u pti o n h a m p ers eff orts dir e ct e d at  wil dlif e c o ns er v ati o n a n d  w e a k e ns pr ot e ct e d ar e a
c a p a cit y t o pr e v e nt dri v ers of pri m at e h a bit at l oss a n d l o c al s p e ci es e xtir p ati o n (s e e Te xt
S 1 f or t h e c as e of Br a zil). I n t h e f o ur c o u ntri es, l a ws ar e oft e n s kirt e d or i g n or e d t hr o u g h
bri b er y a n d e xt orti o n. F or e x a m pl e, tr a di n g or a n g ut a ns i n I n d o n esi a is a cri m e b ut 4 4 0
c o n ﬁs c ati o ns i n t h e l ast 2 5 y e ars h a v e l e d t o o nl y s e v e n c o n vi cti o ns a n d s e nt e n ci n g  w as
l e ni e nt (Nij m a n, 2 0 1 7 ).  D R C h as a p atr o n a g e s yst e m i n  w hi c h t h e pr o ﬁts of “ u n of ﬁ ci al
e c o n o mi c a cti viti es ” or “ pr e d ati o n ” ﬂ o w u p w ar ds t o t h e t o p of t h e c h ai n of c o m m a n d
h a m p eri n g t h e  w a y f or w ar d  wit h e n vir o n m e nt al iss u es ( B a a z  &  Olss o n, 2 0 1 1 : s e e  Te xt 1).
I n  M a d a g as c ar, ill e g al e x pl oit ati o n a n d e x p ort of r os e w o o d i n pr ot e ct e d ar e as,  wit h
ass o ci at e d n e g ati v e eff e cts o n  wil dlif e p o p ul ati o ns, h as b e e n f a cilit at e d b y p oliti c al
i nst a bilit y a n d c orr u pti o n (G ore,  R atsi m b a z af y  & L ute, 2 0 1 3 ; R a n dri a m al al a  & Li u, 2 0 1 0 ;
Sc h wit zer et al., 2 0 1 4 ).  C o m pli cit y b et w e e n b usi n ess es a n d p oliti ci a ns h a d l e d t o t h e t h eft
of billi o ns of d oll ars i n r e v e n u e fr o m n ati o n al e c o n o mi es, b e n e ﬁtti n g t h e v er y f e w at t h e
e x p e ns e of t h e  m a n y a n d pr e v e nti n g s ust ai n a bl e d e v el o p m e nt ( B a a z  &  Olss o n, 2 0 1 1 ;
Tr a ns p are nc y I nter n ati o n al, 2 0 1 6 ). Pr o ﬁli n g f o ur k e y  W orl d B a n k i n di c at ors of g o v er n a n c e
q u alit y i n 2 0 1 6 i n di c at es t h at t h es e pri m at e-ri c h est c o u ntri es all r a n k si g ni ﬁ c a ntl y l o w er
t h a n t h e a v er a g e v al u es f or 3 5 hi g h-i n c o m e c o u ntri es (Fi g. 8 ).  O v er all,  w e a k g o v er n a n c e
a p p e ars t o b e c h ar a ct eristi c of t h es e f o ur c o u ntri es,  wit h  D R C ( c o d e d i n t h e  W orl d B a n k
d at a b as e as  C o n g o  D e m.  R e p.) a n d  M a d a g as c ar r a n ki n g l o w est (s e e Fre u de n ber ger, 2 0 1 0 ).
Gi v e n hi g h l e v els of c orr u pti o n a n d pr e v al e nt l o w h u m a n d e v el o p m e nt, c o u ntr y- wi d e
c o ns er v ati o n of pri m at e h a bit ats a n d p o p ul ati o ns i n t h es e f o ur c o u ntri es r e m ai ns a
c o m pl e x c h all e n g e.  M or e o v er,  m e as ur e m e nts of t h e eff e cti v e n ess of g o v er n a n c e r e q uir e a
t h or o u g h c a us al a n al ysis ( wit h c o u nt erf a ct u als) t o d et er mi n e t h e d e gr e e t o  w hi c h t h e
c urr e nt st at us of i n di vi d u al pri m at e s p e ci es is b est attri b ut e d t o g o o d p oli ci es t h at ar e
p o orl y i m pl e m e nt e d, t h e c o nti n u ati o n of i n eff e cti v e p oli ci es, or t h e r es ult of str o n g a n d
eff e cti v el y  m a n a g e d p oli ci es (s e e B a ylis et al., 2 0 1 6 ).
L A N D S C A P E  A P P R O A C H E S  T O  P RI M A T E  C O N S E R V A TI O N
Pr ot e ct e d ar e a s
Pr ot e ct e d ar e as r e pr es e nt a n eff e cti v e c o ns er v ati o n t o ol i n  w hi c h l o c al, st at e, a n d n ati o n al
g o v er n m e nts c a n a ct t o pr ot e ct e c os yst e ms a n d pr o vi d e r es o ur c es t o c o ns er v e a ni m al
p o p ul ati o ns, pr o vi d e d t h at t h es e ar e as als o c o ntri b ut e t o all e vi at e r ur al p o v ert y ( A d a ms  &
H utt o n, 2 0 0 7 ).  A n  Afri c a- wi d e ass ess m e nt of  w hi c h f a ct ors  w er e  m ost eff e cti v e i n
m ai nt ai ni n g gr e at a p e p o p ul ati o ns c o n cl u d e d, aft er e x a mi ni n g 1 2 0 ar e as, t h at eff e cti v e l a w
e nf or c e m e nt  w as t h e  m ost i m p ort a nt ( Tr a n q uilli et al., 2 0 1 2 ) f oll o w e d b y l o n g-t er m
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c o ns er v ati o n  N G O i n v ol v e m e nt. Si mil arl y, a r e c e nt r a n g e wi d e ass ess m e nt of t h e t w o
gr e at a p e t a x a i n  West er n E q u at ori al  Afri c a s h o ws t h at t h e pr es e n c e of  wil dlif e g u ar ds
w as o n e of t h e  m ost eff e cti v e pr e di ct ors of gr e at a p e d e nsit y ( Stri n d ber g et al., 2 0 1 8 ),
a n d t h at i nt a ct f or est a n d l o w h u m a n pr ess ur e  m etri cs  w er e als o k e y — b ot h of  w hi c h
ar e g e n er all y c h ar a ct eristi c of t h e pr ot e ct e d ar e as a n d s el e cti v el y-l o g g e d F or est
St e w ar ds hi p  C o u n cil ( F S C)- c erti ﬁ e d c o n c essi o ns of  C e ntr al  Afri c a.  Gl o b all y, pr ot e ct e d
ar e a n et w or ks ar e l o c at e d i n e c ol o gi c al z o n es t h at h a v e l o w v al u e a n d l o w d e m a n d f or
l a n d c o n v ersi o n, ar e i n e x p e nsi v e t o pr ot e ct, a n d, s o m e, b ut b y n o  m e a ns all, ar e, l o c at e d
f ar fr o m ar e as of hi g h bi o di v ersit y (J o p p a  & Pf aff, 2 0 0 9).  As a r es ult, t his dis cr e p a n c y or
t his  m o d e of s el e cti o n h as pl a c e d pri m at e-ri c h l o wl a n d f or ests at ris k b e c a us e l o wl a n d
f or ests off er pr o ﬁt a bl e o p p ort u niti es t o o bt ai n l a n d  w ell-s uit e d t o i n d ustri al a gri c ult ur e
( Ve nter et al., 2 0 1 4 ) or cl e ar- c utti n g f or ti m b er. I n t his r e g ar d, g o v er n m e nts n e e d t o
Fi g u r e 8 T h e g r a p h, p r o d u c e d usi n g t h e  W o rl d  B a n k d at a b as e, s h o ws t h e p e r c e ntil e r a n k of f o u r k e y
W o rl d  B a n k g o v e r n a n c e i n di c at o rs f o r  B r a zil,  D R C,  M a d a g as c a r, a n d I n d o n esi a. P e r c e ntil e r a n k: t h e
p e r c e nt a g e of c o u nt ri es t h at r at e b el o w t h e s el e ct e d c o u nt r y. Hi g h er v al u es i n di c at e b ett er g o v er n a n c e
r ati n gs. S h o w n f or c o m p aris o n is t h e p er c e ntil e r a n k f or hi g h-i n c o m e  O E C D c o u ntri es ( n = 3 5;
Or g a ni z ati o n f or E c o n o mi c  C o- o p er ati o n a n d  D e v el o p m e nt). Per c e ntil e r a n ks h a v e b e e n a dj ust e d t o
a c c o u nt f or c h a n g es o v er ti m e i n t h e s et of c o u ntri es c o v er e d b y t h e g o v er n a n c e i n di c at ors.  T h e st a-
tisti c all y li k el y r a n g e of t h e g o v er n a n c e i n di c at or is s h o w n as a t hi n bl a c k li n e. F or i nst a n c e, a b ar of
l e n gt h 7 5 %  wit h t h e t hi n bl a c k li n es e xt e n di n g fr o m 6 0 % t o 8 5 % h as t h e f oll o wi n g i nt er pr et ati o n: a n
esti m at e d 7 5 % of t h e c o u ntri es r at e  w ors e a n d a n esti m at e d 2 5 % of t h e c o u ntri es r at e b ett er t h a n t h e
c o u ntr y of c h oi c e. S o ur c e: htt p://i nf o. w orl d b a n k. or g/ g o v er n a n c e/ w gi/i n d e x. as p x #r e p orts ( a c c ess e d
1 7  N o v e m b er 2 0 1 7). F ull-si z e D OI: 1 0. 7 7 1 7/ p e erj. 4 8 6 9/ ﬁ g- 8
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p art n er  wit h t h e s ci e nti ﬁ c c o m m u nit y a n d t h e e x p ertis e of l o c al, r e gi o n al, n ati o n al, a n d
i nt er n ati o n al  N G Os t o d esi g n e xt e nsi v e n et w or ks of pr ot e ct e d ar e as a n d pri v at e r es er v es
t h at h a v e as t h eir g o al t h e cr e ati o n of e c ol o gi c al z o n es a n d l a n d us e p oli ci es t h at
c oll e cti v el y s ust ai n b ot h bi o di v ersit y a n d h u m a n c o m m u niti es ( Hill et al., 2 0 1 5 ).  T h er e
is e vi d e n c e t h at pr ot e ct e d ar e as pr o vi d e s ust ai n a bl e c or e h a bit at f or pri m at es.  T h e y
r e pr es e nt a k e yst o n e t o ol f or t h e c o ns er v ati o n of t hr e at e n e d pri m at es i n Br a zil’s
Atl a nti c f or est. F or e x a m pl e, al m ost 8 0 % of t h e t ot al l o c aliti es of  Atl a nti c F orest  w h ere
m uri q uis ( Br ac h yteles s p p.) pres e ntl y i n h a bit ar e pr ot e ct e d are as ( pri v at e or g o v er n m e nt al —
st at e a n d f e d er al u nits, Strier et al., 2 0 1 7 ). I n  C e ntr al  Afri c a, a l o n g-t er m st u d y
( 2 0 0 7 – 2 0 1 4) i n  w hi c h c a m er a tr a ps  w er e us e d t o c e ns us t err estri al  m a m m als f o u n d
str o n g e vi d e n c e of st a bilit y i n s e v er al t hr e at e n e d  Afri c a n pri m at es s u c h as t h e l’ H o est’s
m o n k e y,  m a n drills ( M a n drill us s p hi n x ) a n d c hi m p a n z e es (B e a u dr ot et al., 2 0 1 6 ).
C o ns er v ati o n eff orts t ar g et e d t o d eli b er at el y i n cr e as e p ositi v e h u m a n i n ﬂ u e n c es,
i n cl u di n g v et eri n ar y c ar e a n d cl os e  m o nit ori n g of i n di vi d u al a ni m als s u c c e e d e d i n
d o u bli n g t h e  Vir u n g a  m o u nt ai n g orill a p o p ul ati o n o v er 4 0 y e ars ( R o b bi ns et al., 2 0 1 1 ).
T h es e g orill as o c c ur i n pr ot e ct e d ar e as, i n cl u di n g i n  D R C. Pr ot e ct e d ar e as ar e eff e cti v e
i n  mi ni mi zi n g p o p ul ati o n d e cli n e as h as b e e n r e p ort e d f or t h e p al e-t hi g h e d l a n g ur
(Pres b ytis si a me nsis ) i n S u m atr a a n d t h e r e d-fr o nt e d br o w n l e m ur ( E ule m ur r u ﬁfr o ns )
i n  M a d a g as c ar (B e a u dr ot et al., 2 0 1 6 ). Fr o m 1 9 9 0 t o 2 0 0 0, pr ot e ct e d ar e as i n S u m atr a
e x p eri e n c e d l o w er d ef or est ati o n r at es t h a n n e ar b y u n pr ot e ct e d ar e as ( G a ve a u et al., 2 0 0 9 ;
G a ve a u,  Wic h  &  M ars h all, 2 0 1 6 ). I n  Z a n zi b ar,  Ta n z a ni a,  m e a n gr o u p si z es of t h e
Z a n zi b ar r e d c ol o b us Pili oc ol o b us kir kii w er e si g ni ﬁ c a ntl y hi g h er i n pr ot e ct e d ar e as
( 2 1 i n di vi d u als) t h a n o utsi d e pr ot e ct e d ar e as ( 1 3 i n di vi d u als).  Cl e arl y, i n di vi d u als o utsi d e
of pr ot e ct e d ar e as ar e at gr e at est ris k ( D a ve n p ort et al., 2 0 1 7 ). I n t his r e g ar d, Br a zil h as
2 9 % of its l a n d u n d er pr ot e cti o n,  D R C 1 3 %,  M a d a g as c ar 1 2 %, a n d I n d o n esi a 1 2 %
( Ta bl e 6 ; s e e Te xt S 1 f or a d diti o n al i nf or m ati o n).
A s s e s si n g t h e  o v erl a p  b et w e e n  pr ot e ct e d ar e a s a n d  pri m at e
di stri b uti o n s
M o d eli n g t h e distri b uti o n of pr ot e ct e d ar e as a n d pri m at e distri b uti o ns i n t h e f o ur
c o u ntri es s h o w e d t h at, o n a v er a g e, pri m at es i n Br a zil h a v e 3 8 % of t h eir r a n g e i n cl u d e d
wit hi n pr ot e ct e d ar e as; 3 8 % i n  M a d a g as c ar, 1 7 % i n I n d o n esi a, a n d 1 4 % i n  D R C,
s u g g esti n g t h at t h e gr e at  m aj orit y of pri m at e p o p ul ati o ns e xist o utsi d e of pr ot e ct e d
ar e as ( Fi g. 9 ; Fi g. S 7 ; s e e Stri n d ber g et al., 2 0 1 8 f or t h e c as e of c e ntr al  Afri c a n c hi m p a n z e es
Ta bl e 6 T h e n u m b e r a n d a c c u m ul at e d e xt e nt of p r ot e ct e d a r e as i n  B r a zil,  M a d a g as c a r, I n d o n esi a,
a n d  D R C.
B r a zil M a d a g as c a r I n d o n esi a  D R C
Pr ot e ct e d ar e as 2, 1 9 0 2 2 1 6 4 6 9 0
k m 2 pr ot e ct e d 2, 4 6 8, 4 7 9 7 1, 0 0 0 2 2 6, 2 4 9 2 6 0, 0 0 0
L a n d ar e a k m 2 8, 5 1 5, 7 6 7 5 8 7, 0 4 1 1, 9 0 4, 5 6 9 2, 3 4 4, 8 5 8
% of l a n d ar e a pr ot e ct e d 2 9 1 2 1 2 1 3
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a n d  w est er n l o wl a n d g orill as i n  West er n E q u at ori al  Afri c a  w h er e 8 0 % of b ot h pri m at es
o c c ur o utsi d e of pr ot e ct e d ar e as).  Re gr ett a bl y, t h e distri b uti o n of pr ot e ct e d ar e as i n
e a c h of t h e f o ur c o u ntri es is e xtr e m el y p at c h y, a n d i n  m a n y c as es s u b p o p ul ati o ns
of t h e s a m e s p e ci es ar e is ol at e d fr o m e a c h ot h er a n d i n h a bit ar e as t h at ar e e x p eri e n ci n g
c o nsi d er a bl e d ef or est ati o n a n d fr a g m e nt ati o n as t h e y ar e i n cr e asi n gl y i m p a ct e d b y
a gri c ult ur al e x p a nsi o n, l o g gi n g, a n d ill e g al h u nti n g as  w ell as a n e v er- gr o wi n g ur b a n
f o ot pri nt (Fi gs. 3 a n d 9 ) (G o u vei a et al., 2 0 1 7 ; M asci a et al., 2 0 1 4 ; R o ver o et al., 2 0 1 5 ;
S pr ac kle n et al., 2 0 1 5 ; W ae ber et al., 2 0 1 6 ).  D u e t o ill e g al a cti vit y i n t h e Br a zili a n  A m a z o n,
n at ur al r es o ur c e r e d u cti o n is p er v asi v e.  M ost tr a ns gr essi o ns  w er e r el at e d t o h a bit at
d e gr a d ati o n ( 3 7 %), ill e g al ﬁs hi n g ( 2 7 %), a n d g a m e h u nti n g ( 1 8 %) ( K a u a n o, Sil v a  &
Mic h als ki, 2 0 1 7 ). I n cr e asi n g h u m a n p o p ul ati o n d e nsit y  wit hi n 5 0 k m of a pr ot e ct e d ar e a is
a cr u ci al f a ct or t h at pr o m ot es ill e g al a cti viti es.  M e eti n g gl o b al g o als f or pr ot e ct e d- ar e a
c o v er a g e  will b e i ns uf ﬁ ci e nt t o pr ot e ct bi o di v ersit y u nl ess t h es e ar e as ar e  w ell  m a n a g e d
a n d pr o p erl y l o c at e d ( B utc h art et al., 2 0 1 5 ).  A n al ysis of t h e distri b uti o n of pr ot e ct e d ar e as
a n d pri m at e distri b uti o ns is criti c al f or di a g n osi n g ar e as i n n e e d of pr ot e cti o n. F or
e x a m pl e,  w h er e as 2 2 % of t h e distri b uti o n of t h e B or n e a n or a n g ut a n is i n pr ot e ct e d ar e as
Fi g u r e 9 Dist ri b uti o n of p r ot e ct e d a r e as a n d p ri m at e dist ri b uti o ns i n ( A)  B r a zil, ( B)  D R C, ( C)
M a d a g as c a r, a n d ( D) I n d o n esi a. I n t his  m o d el, pri m at e s p e ci es distri b uti o ns ar e b as e d o n d at a fr o m
t h e I U C N  R e d List ( a c c ess e d  M a y 2 0 1 7), pr ot e ct e d ar e as distri b uti o ns fr o m  U N E P- W C M C ( 2 0 1 7) a n d
f or est c o v er fr o m H a nse n et al. ( 2 0 1 3) . I m a g es ar e s c al e d t o c a. 3 0 0  m of s p ati al r es ol uti o n.  We i n cl u d e d
2, 1 9 0 pr ot e ct e d ar e as i n t h e Br a zil d at as et, 4 9 i n  D R C, 1 4 7 i n  M a d a g as c ar a n d 6 4 6 i n I n d o n esi a ( Te xt S 1 ).
F ull-si z e D OI: 1 0. 7 7 1 7/ p e erj. 4 8 6 9/ ﬁ g- 9
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a n d 2 9 % o c c urs i n f or est c o n c essi o ns, t h e r e m ai ni n g 4 9 % is i n u n pr ot e ct e d a n d
c o m m er ci all y d e v el o p e d f or ests ( Wic h et al., 2 0 1 2 ).  A si mil ar p att er n e m er g e d i n a n e arli er
a n al ysis of all pri m at e s p e ci es i n I n d o n esi a n B or n e o ( Meij a ar d  &  Nij m a n, 2 0 0 3 ).
C o m m u nit y f or e st  m a n a g e m e nt,  h a bit at r e st or ati o n a n d l a n d s c a p e
c o n n e cti vit y
C o m m u nit y f or est  m a n a g e m e nt ( C F M) ai ms t o r e d u c e d ef or est ati o n a n d  m ai nt ai n
bi o di v ersit y  w hil e als o i m pr o vi n g l o c al h u m a n  w elf ar e ( all e vi at e p o v ert y). I n g e n er al,
t h er e is e vi d e n c e of  C F M b ei n g ass o ci at e d  wit h gr e at er tr e e d e nsit y a n d b as al ar e a ( B o wler
et al., 2 0 1 2 ).  A r e vi e w of 3 3 c o m m u nit y f or ests ( all b ut o n e i n L ati n  A m eri c a, t h e ot h er
i n I n di a) s h o w e d t h at a c o m mit m e nt t o l a n d-s h ari n g ( c o m bi ni n g f or ms of a gr of or estr y
al o n g  wit h f or est  m a n a g e d b y l o c al c o m m u niti es i n  w hi c h r es o ur c es ar e e xtr a ct e d
s ust ai n a bl y) c a n l e a d t o r e d u c e d r at es of d ef or est ati o n c o m p ar e d t o pr ot e ct e d f or ests
(P orter- B oll a n d et al., 2 0 1 2 ). I n a n ot h er st u d y of  C F M c erti ﬁ c ati o n of ti m b er, b as e d o n
3 1 8 c o m p aris o ns fr o m 5 0 st u di es distri b ut e d a cr oss  Afri c a,  Asi a, a n d S o ut h a n d  C e ntr al
A m eri c a,  C F M p erf or m e d b ett er t h a n o p e n a c c ess ar e as i n 5 6 % of 1 8 5 c o m p aris o ns,
e q u all y i n 2 5 % a n d  w ors e i n 1 9 % ( c o m p aris o ns f o c us e d o n e c o n o mi c, s o ci al a n d
e n vir o n m e nt al v ari a bl es) ( B uri v al o v a et al., 2 0 1 7 ; D as g u pt a  & B uri v al o v a, 2 0 1 7 ; N d o ye  &
C h u pe zi  Tie g u h o n g, 2 0 0 4 ). Si mil arl y, a n ati o n- wi d e s ur v e y i n  M a d a g as c ar of  C F M i m p a cts
o n h o us e h ol d li vi n g st a n d ar ds ( as  m e as ur e d b y p er c a pit a c o ns u m pti o n e x p e n dit ur es)
s h o w e d t h at  w ell- b ei n g  w as str o n g er f or h o us e h ol ds cl os er t o f or ests a n d h o us e h ol ds  wit h
m or e y e ars of e d u c ati o n ( R as ol of os o n et al., 2 0 1 7 ). I n a n ot h er st u d y i n  M a d a g as c ar,  C M F
w as s h o w n t o r e d u c e d ef or est ati o n i n  C F M l o c aliti es t h at d o n ot p er mit c o m m er ci al us es
of  w o o d c o m p ar e d t o ar e as t h at l a c k  C F M or i n  C F M ar e as t h at all o w c o m m er ci al us es
(R as ol of os o n et al., 2 0 1 5 ). I n I n d o n esi a, t h e t ot al ar e a of  C F M f or ests ( H ut a n  D es a, or
vill a g e f orest, is a n a p pr o a c h t h at str ess es l o c al vill a g e g o v er n a n ce a n d a ut o n o m y i n f or est
pr ot e cti o n a n d i n c o ntr olli n g r es o ur c e e xtr a cti o n b y o utsi d e gr o u ps) i n cre as e d fr o m
7 5 0 k m 2 i n 2 0 1 2 t o 2 5 0 0 k m2 i n 2 0 1 6.  A s p ati al  m at c hi n g a p pr o a c h s h o w e d t h at u n d er a
H ut a n  D es a  m a n a g e m e nt s c h e m e, d ef or est ati o n  w as a v oi d e d c o m p are d t o t h e e x p e ct e d
li k eli h o o d of d ef orest ati o n i n t h e a bs e n ce of  H ut a n  D es a  m a n a g e m e nt (S a nti k a et al., 2 0 1 7 b ).
F or ests ar e o n e of t h e f e w r es o ur c es a c c essi bl e t o l o c al c o m m u niti es i n pri m at e r a n g e
c o u ntri es, a n d p arti ci p ati n g i n t h eir o w n ers hi p, st e w ar ds hi p, a n d r est or ati o n c a n pr o vi d e
f o o d, e c o n o mi c o p p ort u nit y, a n d i n c o m e t o p o or p e o pl e (B a k w a ye Fl a vie n et al., 2 0 1 6 ;
P orter- B oll a n d et al., 2 0 1 2 ).  Ref or est ati o n is a n i m p ort a nt c o ns er v ati o n t o ol t o h el p b ot h
r ur al c o m m u niti es a n d t o  miti g at e s p e ci es e xti n cti o n d u e t o h a bit at l oss, fr a g m e nt ati o n,
a n d is ol ati o n, es p e ci all y if it i n v ol v es pr ot e cti n g l ar g e f or est ar e as ( Ta u bert et al., 2 0 1 8 ).
A n e x p a nsi o n i n a v ail a bl e h a bit at vi a r est or ati o n c a n f a cilit at e a n i n cr e as e i n s p e ci es’
p o p ul ati o n si z e a n d c o n n e ct fr a g m e nts a n d pr ot e ct e d ar e as, if str at e gi c all y l o c at e d
r est or e d f or est c a n pr o m ot e i m mi gr ati o n a n d g e n e ﬂ o w fr o m pr e vi o usl y is ol at e d b ut n o w
s o ur c e p o p ul ati o ns (H yl a n der  & E hrle´n, 2 0 1 3 ).  Tar g eti n g h a bit at r est or ati o n t o ar e as of
o n c e c o nti g u o us f or est usi n g c orri d ors 1- k m  wi d e b et w e e n t h e  m ost e xt e nsi v e, i nt a ct, a n d
cl os est f or est fr a g m e nts c a n h a v e a p ositi v e eff e ct o n  wil dlif e p o p ul ati o n e x p a nsi o n
(Ne w m ar k et al., 2 0 1 7 ).  A st u d y i n t h e  Atl a nti c F or est of Br a zil t h at  m o d el e d t h e us e of
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f or est c orri d ors as a c o ns er v ati o n t o ol f o u n d t h at r e g e n er ati n g c orri d ors t ot ali n g 6. 4  K h a
w o ul d r es ult i n a c o nti n u o us f or est e d ar e a  m e as uri n g 2 5 1. 9  K h a.  Alt h o u g h f ull
r e g e n er ati o n of t h es e c orri d ors is li k el y t o t a k e 1 0 – 4 0 y e ars ( Ne w m ar k et al., 2 0 1 7 ),
e xti n cti o n- pr o n e pri m at e s p e ci es s u c h as g ol d e n li o n t a m ari ns ( Le o nt o pit hec us r os ali a )
a n d g ol d e n- h e a d e d li o n t a m ari ns ( Le o nt o pit hec us c hr ys o mel as ) c a n dis p ers e t hr o u g h
li n k e d f or ests t h at ar e  < 1 0 y e ars ol d (D ose n,  R a b o y  & F orti b, 2 0 1 7 ; Ne w m ar k et al., 2 0 1 7 ).
L a n ds c a p e c o n n e cti vit y als o c a n i n cl u d e c o m m u nit y  m a n a g e d f or ests i n  w hi c h
a gr o e c os yst e ms s u c h as s h a d e- gr o w n c off e e ( C offe a s p p.), c a c a o (T he o br o m a c ac a o), a n d
c ar d a m o m ( Elett ari a c ar d a m o m u m ), as  w ell as s m all s h a d e d  mi x e d pl a nt ati o ns of n at ur al
r u b b er (He ve a br asilie nsis ) a n d oil p al m, a m o n g ot h er ar b or e al cr o ps, pr o vi d e i n c o m e f or
f ar m ers a n d t e m p or ar y h a bit at, f o o d r es o ur c es, a n d dis p ers al r o ut es f or is ol at e d s e g m e nts
of pri m at e s u b p o p ul ati o ns ( Estr a d a,  R a b o y  &  Oli veir a, 2 0 1 2 ; Mc Le n n a n, S p a g n oletti  &
H oc ki n gs, 2 0 1 7 ). Still, t h e p ersist e n c e of pri m at es i n a gr o e c os yst e ms i n Br a zil,  M a d a g as c ar,
I n d o n esi a a n d  D R C  m a y n ot b e a l o n g-t er m s ust ai n a bl e c o ns er v ati o n s ol uti o n ( Te xt S 1 ).
Pri m at e r e wil di n g
W h er e pri m at e s p e ci es ar e l o c all y e xtir p at e d, r ei ntr o d u cti o ns  m a y b e a f e asi bl e
c o ns er v ati o n str at e g y if t h er e is l o n g-t er m pr ot e cti o n of f or ests a n d  m o nit ori n g of
p o p ul ati o n c h a n g es ( Kier ulff et al., 2 0 1 2 ; B ec k et al., 2 0 0 7 ; Wils o n et al., 2 0 1 4 ). I n g e n er al,
g ui d eli n es f or  m ost s p e ci es, i n cl u di n g gr e at a p es, u n d erli n e t h e i m p ort a n c e of e ns uri n g
t h at t h e t hr e at t h at c a us e d t h e a ni m als t o b e c o m e l o c all y e xti n ct (s u c h as p o a c hi n g)
h as c e as e d b ef or e att e m pti n g r ei ntr o d u cti o n ( B ec k et al., 2 0 0 7 ; I U C N/ S S C, 2 0 1 3).
R ei ntr o d u cti o n a n d tr a nsl o c ati o n pr o gr a ms als o s er v e t o i nt e nsif y p u bli c i nt er est o n
c o ns er v ati o n iss u es, es p e ci all y  w h e n c o m bi n e d  wit h s o ci al  m e di a ( Kier ulff et al., 2 0 1 2 ).
R ei ntr o d u c e d pri m at es i n cl u d e or a n g ut a ns a n d sl o w l oris es i n I n d o n esi a ( B a nes,  G al di k as
&  Vi gil a nt, 2 0 1 6 ; M o ore,  Wi her m a nt o  &  Ne k aris, 2 0 1 4 ; Wils o n et al., 2 0 1 4 ), a n d g ol d e n li o n
t a m ari ns, p y g m y  m ar m os ets (Ce b uell a p y g m ae a ) a n d n ort h er n  m uri q uis i n Br a zil ( C ar,
Q ueir o g as  & Pe ders oli, 2 0 1 5 ; Kier ulff et al., 2 0 1 2 ; Mel o, 2 0 1 6 ; R ui z- Mir a n d a et al., 2 0 0 6 ).
S o m e of t h es e r el e as es, e. g., g ol d e n li o n t a m ari ns, l e d t o t h e est a blis h m e nt of s elf-
s ust ai ni n g p o p ul ati o ns,  w h er e as i n ot h ers, f or e x a m pl e, J a v a n sl o w l oris es ( N yctice b us
j a v a nic us), hi g h  m ort alit y i n t h e ﬁrst f e w  m o nt hs, q u esti o ns t h e vi a bilit y of t h es e
pr o gr a ms ( M o ore,  Wi her m a nt o  &  Ne k aris, 2 0 1 4 ). I n  M a d a g as c ar, t h er e h a v e b e e n
r ei ntr o d u cti o ns a n d tr a nsl o c ati o ns of c a pti v e- b or n a n d  wil d- b or n l e m urs ( Sc h wit zer et al.,
2 0 1 3 ).  T his h as r es ult e d i n s u c c essf ul p o p ul ati o n est a blis h m e nt i n t h e c as es of r el e as e d
a y e- a y es ( D a u be nt o ni a  m a d a g asc arie nsis ), c a pti v e- br e d bl a c k- a n d- w hit e r uff e d a n d
c oll ar e d- br o w n l e m urs ( E ule m ur c oll aris ), b ut i n s e v er al i nst a n c es, t h er e  w as hi g h
m ort alit y d u e t o n at ur al pr e d ati o n ( Britt,  Welc h  &  K at z, 2 0 0 4 ; D o n ati et al., 2 0 0 7 ;
Mitter meier et al., 2 0 1 0 ). I n c o ntr ast, t h e tr a nsl o c ati o n of bl a c k- a n d- w hit e r uff e d
l e m urs a n d di a d e m e d sif a k as fr o m a f or est s el e ct e d f or cl e ari n g b y a  mi ni n g c o m p a n y
t o t h e n e ar b y  A n al a m a z a otr a S p e ci al  Res er v e ( A S R),  w as s u c c essf ul (D a y et al., 2 0 0 9 ).
Aft er s e v er al y e ars of r e h a bilit ati o n, b o n o b os r es c u e d fr o m t h e ill e g al tr a d e als o
h a v e b e e n s u c c essf ull y r ei ntr o d u c e d i n t h e “ E k ol o  Ya B o n o b o ” r el e as e sit e i n  D R C
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(htt p:// w w w.l ol a y a b o n o b o. or g/ e k ol o- y a- b o n o b o ; a c c ess e d 3 0t h  N o v e m b er 2 0 1 7).
N e v ert h el ess, e xtr e m e c a uti o n  m ust b e t a k e n i n e v al u ati n g ar e as f or r ei ntr o d u cti o n, as i n
m a n y c as es h u m a ns a n d pri m at es f a v or t h e s a m e e c ol o gi c al z o n es, a n d pri m at es  m a y f a c e
s e v er e c o m p etiti o n fr o m h u m a n, as is t h e c as e f or t h e B or n e a n or a n g ut a n ( S a nti k a et al.,
2 0 1 7 a ) a n d t h e p o p ul ati o n of bl a c k- a n d- w hit e r uff e d l e m urs c urr e ntl y li vi n g i n t h e  A S R
(R as o a m a n ari v o et al., 2 0 1 5 ).  T h es e t w o st u di es  m a y g ui d e f ut ur e att e m pts ( Te xt S 1 ).
Fi n all y, r ei ntr o d u cti o ns ar e c ostl y r el ati v e t o ot h er o pti o ns ( e. g., l o n g-t er m pr ot e cti o n of
f or est e d l a n d) a n d t h er ef or e ar e oft e n b est us e d as a l ast r es ort (Wils o n et al., 2 0 1 4 ).
S o ci all y – ori e nt e d c o n s er v ati o n a cti o n s f or a v erti n g l o c al e xti n cti o n
t hr e at s t o  pri m at e s
T h e d e v el o p m e nt of c o m m u nit y- b as e d l o c al e d u c ati o n pr o gr a ms, a cti o n gr o u ps, a n d
N G Os/ Ass o ci ati o ns t h at f o c us o n pri m at e c o ns er v ati o n i niti ati v es ar e k e y i nstr u m e nts
t h at c a n s u c c essf ull y r es ult i n l o c al a n d l o n g-t er m c o ns er v ati o n of pri m at e s p e ci es.
T h e i n v ol v e m e nt of  N G Os (I nt er n ati o n al  C o m mitt e es f or  C o ns er v ati o n a n d
M a n a g e m e nt —I C C M a n d t h e Pr o- M uri q ui I nstit ut e) h as b e e n cr u ci al i n Br a zil f or t h e
c o ns er v ati o n of t hr e at e n e d s p e ci es s u c h as t h e g ol d e n li o n t a m ari n a n d t h e  m uri q ui
( Jer us ali ns k y,  Tale bi  &  Mel o, 2 0 1 1; R yl a n ds et al., 1 9 9 8 ; Te xt S 1 ).  T h e  Criti c all y E n d a n g er e d
J a v a n sl o w l oris is o n e of t h e f o c al s p e ci es of t h e Littl e Fir ef a c e Pr oj e ct ( htt p:// w w w.
n o ct ur a m a. or g ). I m pl e m e nt e d i n 2 0 1 1, t his pr oj e ct h as i n v ol v e d a  wi d e r a n g e of a u di e n c es
a n d st a k e h ol d ers, pr o vi di n g a n n u al tr ai ni n g s essi o ns f or l a w e nf or c e m e nt of ﬁ c ers a n d
c o or di n at e d bi a n n u al e v e nts i n vill a g es cl os e t o  w h er e  wil d sl o w l oris es o c c ur, t o i n cr e as e
pr ot e cti o n a n d pri d e i n t his e n d e mi c s p e ci es.  A p o p ul ati o n of t h es e sl o w l oris es h as b e e n
m o nit or e d o n  Mt P a p a n d a y a n,  West J a v a, f or s e v e n y e ars, r e v e ali n g vit al i nf or m ati o n o n
t h eir bi ol o g y a n d c o ns er v ati o n (Ne k aris, 2 0 1 6 ; Ne k aris et al., 2 0 1 8 ; Te xt S 1 ). I n t h e  D R C,
i nt er n ati o n al c o ns er v ati o n  N G Os ar e  w or ki n g i n a n d ar o u n d  m ost c o ns er v ati o n
l a n ds c a p es,  wit h c o or di n ati o n of ﬁ c es i n t h e c a pit al; s o m e of t h es e  N G Os h a v e b e e n
w or ki n g i n  D R C f or o v er 3 0 y e ars.  N G Os s u p p ort t h e  wil dlif e a ut h orit y of t h e I C C N
( C o n g ol es e I nstit ut e f or  N at ur e  C o ns er v ati o n), a n d pr o vi d e t e c h ni c al assist a n c e (tr ai ni n g,
e q ui p m e nt) t o g o v er n m e nt a nti p o a c hi n g p atr ols, t h at pl a y a criti c al c o ns er v ati o n r ol e
i nsi d e n ati o n al p ar ks, i n cl u di n g t h e d e v el o p m e nt of a s yst e m f or r a pi d c oll e cti o n of b ot h
p atr ol a n d s ur v e y d at a i n t h e ﬁ el d ( S M A R T, htt p://s m art c o ns er v ati o nt o ols. or g/ ) ( Te xt S 1 ).
Lit er a c y is a n ot h er criti c al f a ct or i n d e v el o pi n g eff e cti v e c o ns er v ati o n e d u c ati o n
pr o gr a ms ( Cl a yt o n  &  M yers, 2 0 0 9 ; O b o h  &  Ts ue, 2 0 1 0 ).  Y o ut h ( 1 5 – 2 4 y e ars) lit er a c y r at es
ar e 7 6. 8 % ( 2 0 1 2 d at a) i n  M a d a g as c ar, 8 5. 0 % i n t h e  D R C ( 2 0 1 6), 9 8. 8 % i n Br a zil ( 2 0 1 4),
a n d 9 9. 7 % i n I n d o n esi a ( 2 0 1 6) ( htt p:// d at a. uis. u n es c o. or g/ # ). I n a d diti o n, i n r ur al p arts
of  D R C a n d  M a d a g as c ar, a d ult lit er a c y is s o m e 2 5 % l o w er t h a n i n ur b a n p o p ul ati o ns
(U N E S C O, 2 0 0 6 ). E d u c ati o n al pr o gr a ms t ar g et e d at l ess lit er at e p o p ul ati o ns ar e  m or e
eff e cti v e  w h e n e n vir o n m e nt al  m ess a g es ar e pr es e nt e d usi n g si m pl y  writt e n p hr as es,
r a di o a n d t el e visi o n pr o gr a ms,  m usi c, i m a g es, li v e p erf or m a n c es, a n d ot h er n o n- writt e n
f or ms of c o m m u ni c ati o n.
I n  M a d a g as c ar, t h e  N G O  R e ni al a a cts t o pr ot e ct f or ests, r e h a bilit at e l e m urs fr o m t h e
p et tr a d e, pr o vi d e i n c e nti v es t o dis c o ur a g e h u nti n g, a n d h as d e v el o p e d alt er n ati v e
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li v eli h o o d pr oj e cts f or l o c al r esi d e nts, s u c h as b e e k e e pi n g (htt ps:// ass o ci ati o n-r e ni al a.
ji m d o. c o m/).  C e ntr e  Val bi o is a r es e ar c h c e nt er  wit h a n i nt e gr at e d c o ns er v ati o n pr o gr a m,
t h at  w or ks dir e ctl y  wit h t h e  M al a g as y g o v er n m e nt i n t h e  R a n o m af a n a  N ati o n al P ar k —
4 1, 5 0 0 h e ct ar es of r ai nf or est t h at i n cl u d es t h e g ol d e n b a m b o o l e m ur ( H a p ale m ur a ure us ),
dis c o v er e d at t his sit e i n 1 9 8 6 ( htt p:// w w w.st o n y br o o k. e d u/ c o m m c ms/ c e ntr e- v al bi o/
c o ns er v ati o n. ht ml ).  T h e  M ar o mi z a h a f or est  C o ns er v ati o n a n d  C o m m u nit y Pr oj e ct i n
M a d a g as c ar pr ot e cts a l ar g e f or est tr a ct  wit h 1 3 s p e ci es of l e m urs, usi n g f or est-fri e n dl y
alt er n ati v e a gri c ult ur al pr a cti c es a n d pr o m oti n g t h e d e v el o p m e nt of e c ot o uris m
(G a m b a et al., 2 0 1 3 ; Ne u dert,  G a n z h or n  &  W a¨ t z ol d, 2 0 1 6). B e c a us e of t h e r e c e nt gr o wt h i n
tr ai n e d pri m at ol o gists i n t h e f o ur c o u ntri es, t h eir c o ns er v ati o n c o n c er ns h a v e l e d t o t h e
cr e ati o n of pr of essi o n al s o ci eti es t h at c a n  m or e eff e cti v el y arti c ul at e c o ns er v ati o n
c o n c er ns  wit h l o c al g o v er n m e nts,  N G Os, r ur al c o m m u niti es a n d i nt er n ati o n al s o ci eti es
( Te xt S 1 ). I n  M a d a g as c ar, c o ns er v ati o n e d u c ati o n, es p e ci all y of y o u n g c hil dr e n, als o h as
m a d e i m p ort a nt stri d es i n pr ot e cti n g pri m at es ( D oli ns et al., 2 0 1 0 ).
C O N C L U SI O N S  A N D  K E Y  C H A L L E N G E S  A H E A D
Pri m at e c o ns er v ati o n is a gl o b al,  m ultil a y er e d, bi ol o gi c al, e c ol o gi c al, a n d s o ci al iss u e.
T h er e ar e o v er 5 0 0 pri m at e s p e ci es i n t h e  wil d a n d t h es e t a x a diff er i n e c ol o gi c al
r e q uir e m e nts, b e h a vi or al ﬂ e xi bilit y, r e pr o d u cti v e c a p a cit y, s o ci al s yst e ms, a n d ar e l o n g-
li v e d (Fi g. 1 0 ).  As a r es ult, t h eir r es p o ns es t o c o ns er v ati o n i niti ati v es ar e oft e n dif ﬁ c ult t o
Fi g u r e 1 0 P h ot os of s el e ct e d p ri m at es f r o m e a c h c o u nt r y. C o ns er v ati o n st at us a n d p h ot o cr e dits
i n cl u d e t h e f oll o wi n g: ( A)  D R C,  Gr a u er’s g orill a (G orill a beri n gei gr a ueri ),  Criti c all y E n d a n g er e d, ( P h ot o
cr e dit: J.  M arti n), ( B)  M a d a g as c ar, S a h af ar y s p orti ve le m ur (Le pile m ur se pte ntri o n alis )  Criti c all y
E n d a n g er e d ( P h ot o cr e dit:  R.  A.  Mitt er m ei er), ( C) I n d o n esi a, J a v a n sl o w l oris ( N yctice b us j a v a nic us ),
Criti c all y E n d a n g er e d ( P h ot o  Cr e dit:  A n dr e w  Wal msl e y/ Littl e Fir ef a c e Pr oj e ct), ( D) Br a zil, n ort h er n
m uri q ui ( Br ac h yteles h y p o x a nt h us ),  Criti c all y E n d a n g er e d ( P h ot o cr e dit:  R a p h a ell a  C o uti n h o), ( E)
Br a zil, p y g m y  m ar m os et ( Ce b uell a p y g m ae a ),  V ul n er a bl e, ( P h ot o cr e dit : P a bl o  Ye´ p e z), ( F) S u m atr a n
or a n g ut a n ( P o n g o a belii ),  Criti c all y E n d a n g er e d ( P h ot o  Cr e dit: Perr y v a n  D uij n h o v e n).
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ass ess i n b ot h t h e s h ort a n d l o n g t er m.  T h er e is n o si n gl e bl u e pri nt or b est c o urs e of a cti o n
f or a d v a n ci n g pri m at e c o ns er v ati o n i n Br a zil,  M a d a g as c ar, I n d o n esi a, a n d  D R C. E a c h
c o u ntr y diff ers i n its hist or y, s o ci et al a n d e c o n o mi c n e e ds, a n d c urr e nt e n vir o n m e nt al
a n d g o v er n m e nt al p oli ci es t h at ar e dri vi n g pri m at e h a bit at l oss a n d p o p ul ati o n d e cli n e.
T h es e f o ur c o u ntri es f a c e u n pr e c e d e nt e d e n vir o n m e nt al a n d s o ci al c h all e n g es i n
i m pl e m e nti n g eff e cti v e pri m at e c o ns er v ati o n (Fi g. 1 1 ).  T h e y h a v e r a pi dl y gr o wi n g h u m a n
p o p ul ati o ns a n d l o w h u m a n d e v el o p m e nt i n di c es c o m p ar e d  wit h  m or e d e v el o p e d
n ati o ns. E a c h h as als o e x p eri e n c e d l ar g e-s c al e l oss es of n ati v e v e g et ati o n a n d ot h er n at ur al
r es o ur c es pl us hi g h l e v els of c orr u pti o n a n d  w e a k g o v er n a n c e. E a c h c o u ntr y’s d esir e t o
m o v e its e c o n o m y f or w ar d t o  m e et t h e n e e ds of its p o p ul ati o n r e m ai ns a pri orit y b ut t his
s e e ms dif ﬁ c ult t o a c hi e v e i n a gl o b al s yst e m i n  w hi c h i nt er n ati o n al tr a d e l e d b y t h e
Fi g u r e 1 1 Di a g r a m s u m m a ri zi n g k e y e n vi r o n m e nt al c h all e n g es c o m m o n t o  B r a zil,  D R C,
M a d a g as c a r, a n d I n d o n esi a t h at aff e ct c o ns e r v ati o n of t h ei r p ri m at e f a u n a. T h e r el ati v e i m p or-
t a n c e of s o m e pr ess ur es a n d p o p ul ati o n as p e cts v ar y fr o m c o u ntr y t o c o u ntr y. F or e x a m pl e, h u nti n g i n
D R C is a l ar g e-s c al e pr ess ur e b e c a us e t h e l o c al h u m a n p o p ul ati o n h as littl e or n o a c c ess t o d o m esti c
m e at. B e c a us e of t h eir l ar g e si z e a n d l o w p o p ul ati o n d e nsit y r el ati v e t o t h e si z e of t h e c o u ntr y, Br a zil a n d
D R C ar e i n a b ett er p ositi o n t o a nti ci p at e t h e dir e cti o n of t h es e pr ess ur es a n d pr e v e nt pri m at e d e cli n es
a n d e xtir p ati o n.  H o w e v er, i n c o ntr ast t o Br a zil,  D R C is p arti c ul arl y p o or, its h u m a n p o p ul ati o n is
r a pi dl y gr o wi n g, a n d h u m a n d e v el o p m e nt is v er y l o w,  w h er e as ci vil u nr est is pr e d o mi n a nt a n d c or-
r u pti o n a n d  w e a k g o v er n a n c e ar e a n e v er- pr es e nt c o n diti o n.  M a d a g as c ar diff ers fr o m t h es e t w o
c o u ntri es, a n d fr o m I n d o n esi a i n h a vi n g a v er y s m all p er c e nt a g e of its ori gi n al f or est l eft.  A r a pi dl y
e x p a n di n g h u m a n p o p ul ati o n a n d hi g h l e v els of p o v ert y a n d  w e a k g o v er n a n c e ar e pr e d o mi n a nt.
I n d o n esi a is a d e v el o pi n g c o u ntr y  wit h a l ar g e h u m a n p o p ul ati o n t h at h as e m b ar k e d o n a p oli c y of
r a pi dl y r e pl a ci n g its f or ests  wit h c o m m er ci al pl a nt ati o ns a n d e x p a n di n g i n d ustri al l o g gi n g at t h e e x p e ns e
of bi o di v ersit y. F ull-si z e D OI: 1 0. 7 7 1 7/ p e erj. 4 8 6 9/ ﬁ g- 1 1
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d e m a n ds f or f o o d a n d n o n-f o o d pr o d u cts b y a s m all s et of d e v el o p e d a n d c o ns u m er
n ati o ns distr a ct att e nti o n fr o m t h e n e e ds of t h eir l o c al p o p ul ati o ns.  D es pit e si g ni ﬁ c a nt
i n cr e as es i n r e v e n u es d eri v e d fr o m a gri c ult ur al e x p orts i n t h es e f o ur c o u ntri es,  milli o ns of
t h eir citi z e ns r e m ai n u n d er n o uris h e d, u n d er e d u c at e d, a n d p o or (Worl d B a n k, 2 0 1 7 ).
W hil e Br a zil h as  m a d e i m p ort a nt stri d es i n r e d u ci n g d ef or est ati o n, d e cr e asi n g p o v ert y,
a n d f ost eri n g s ci e n c e a n d e d u c ati o n  wit h dir e ct p ositi v e i m p a cts o n pri m at e c o ns er v ati o n,
a c h a n g e i n g o v er n m e nt p oli ci es i n 2 0 1 2 r e d u c e d t h e pr ot e cti o n of n at ur al v e g et ati o n
o n pri v at e l a n ds ( Br a nc ali o n et al., 2 0 1 6 ) a n d l a ws g o v er ni n g pr ot e ct e d ar e as  w er e
r e d u c e d a n d  w e a k e n e d (B er n ar d, Pe n n a  &  Ar a u´ j o, 2 0 1 4). F u n di n g f or s ci e n c e als o  w as
r e d u c e d (O ver bec k et al., 2 0 1 8 ).  T his h as r es ult e d i n a s h ar p i n cr e as e i n d ef or est ati o n r at es
(Fi g. 2 ),  wit h e x p e ct e d n e g ati v e eff e cts o n bi o di v ersit y, pri m at es, p e o pl e’s li v eli h o o d’s, a n d
c o ns er v ati o n.
Gi v e n t h e r a pi d p a c e a n d l ar g e s c al e at  w hi c h n ati v e f or ests h a v e b e e n cl e ar e d i n
L ati n  A m eri c a a n d I n d o n esi a t o e x p a n d a gri c ult ur e t o s atisf y gl o b al a n d l o c al d e m a n ds
( Til m a n et al., 2 0 1 7 ), criti c all y e v al u at e d a p pr o a c h es ar e n e e d e d t o e ns ur e pri m at e
s ur vi v al. F or e x a m pl e, it is ar g u e d t h at pr o m oti n g “s ust ai n a bl e i nt e nsi ﬁ c ati o n ” of
a gri c ult ur e o n alr e a d y cl e ar e d l a n ds c o ul d r e a dil y s u p pl y pr o d u cti o n t h at  mi g ht ot h er wis e
b e e x p e ct e d t o c o m e at t h e c ost of f ut ur e l a n d c o n v ersi o n ( C arls o n et al., 2 0 1 8 ).  T his
r e q uir es li n ki n g s m all h ol d ers (f ar m ers)  wit h c o m m er ci al i nt er n ati o n al a gri c ult ur e
(G ol ds mit h  &  C o h n, 2 0 1 7 ).  T his, h o w e v er, d o es n ot  miti g at e t h e alr e a d y hi g h
e n vir o n m e nt al c osts of cl e ar e d l a n d.  M or e o v er, gl o b al di et ar y c h a n g es, pr o m ot e d i n l ar g e
p art b y  m ulti n ati o n al b usi n ess es a n d d esi g n e d t o e x p a n d c or p or at e pr o ﬁt  m ar gi ns,
will r e q uir e t h es e pri m at e-ri c h c o u ntri es t o c o n v ert a d diti o n al f or est e d l a n d i nt o
m o n o c ult ur es ( K ast ner et al., 2 0 1 2 ; Til m a n  &  Cl ar k, 2 0 1 4 ).  T his is li k el y t o h a p p e n  m or e
sl o wl y i n  D R C, as ci vil  w ar, p oliti c al i nst a bilit y, g o v er n a n c e iss u es, a n d c o nti n u e d p o v ert y
( a c c or di n g t o t h e i nt er n ati o n all y r e c o g ni z e d  m etri cs us e d b y t h e  W orl d B a n k/ U N D P)
li mit i nt er n ati o n al i n v est m e nt (K ast ner et al., 2 0 1 2 ). B as e d o n a r a n g e of gl o b al f a ct ors,
a gri b usi n ess c or p or ati o ns  m a y s wit c h t o diff er e nt cr o ps a n d l a n d- us e p att er ns t o
m a xi mi z e pr o ﬁt or  m a y i n cr e as e or d e cr e as e i n v est m e nts i n ot h er c o u ntri es l e a di n g t o
i n cr e as e d e n vir o n m e nt al d a m a g e a n d p o v ert y (C arr asc o et al., 2 0 1 4 ; Li m et al., 2 0 1 6 ;
Vill ori a et al., 2 0 1 3 ; We n g et al., 2 0 1 3 ). I nt e nsi ﬁ c ati o n of a gri c ult ur e t o i n cr e as e yi el ds d o es
n ot n e c ess aril y c o ntri b ut e t o gl o b al h u n g er r e d u cti o n, as a n u n e q u al a m o u nt of f o o d a n d
n o nf o o d pr o d u cts ar e us e d b y alr e a d y  w ell-f e d p e o pl e i n a s m all n u m b er of c o ns u m er
n ati o ns.  R at h er, f o o d s e c urit y n e e ds t o i n cr e as e i n ar e as of t h e  w orl d  w h er e t h e h u n gr y
li v e usi n g e c o- ef ﬁ ci e nt a p pr o a c h es t h at e n c o ur a g e s ust ai n a bl e pr o d u cti vit y a n d
i n c or p or at es n at ur al bi o di v ersit y, a n d cl e a n a n d r e us a bl e f or ms of e n er g y,  w hil e s ust ai ni n g
m ulti pl e e c os yst e m s er vi c es ( Ke ati n g et al., 2 0 1 0 ).  Usi n g a n e c o-fri e n dl y a p pr o a c h,
a gri c ult ur e pr a cti c e d b y s m all l a n d h ol d ers a n d s e nsiti v e t o l o c al  m ar k ets a n d c o n diti o ns
r at h er t h a n l ar g e-s c al e i n d ustri al f ar mi n g, is t h e k e y t o f o o d s e c urit y i n t h e d e v el o pi n g
w orl d ( R u nti n g et al., 2 0 1 5 ; Tsc h ar nt ke et al., 2 0 1 2 ).
Cl e arl y, a d diti o n al r es e ar c h is n e e d e d t o e x a mi n e t h e r ol e of l o c al a n d gl o b al  m ar k et
d e m a n ds o n pri m at e c o ns er v ati o n ( L arr os a,  C arr asc o  &  Mil ner- G ull a n d, 2 0 1 6 ), i n cl u di n g
st u di es t o e v al u at e t h e e xt e nt t o  w hi c h t h e r e d u cti o n of l a n d f or p ur p os es of a gri c ult ur al
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c o n v ersi o n b e n e ﬁts t h e l o c al h u m a n a n d n o n h u m a n pri m at e c o m m u niti es.  Wit hi n
t his fr a m e w or k, e c o n o mi c i nstr u m e nts t ar g et e d t o c o ns u m er n ati o ns s u c h as t a x es o n
a gri c ult ur al i n p uts a n d t a x es o n c o ns u m pti o n as  w ell as i n v est m e nt i n s ust ai n a bl e
a gri- e n vir o n m e nt al pr o d u cti o n t h at g u ar a nt e es t h e p ersist e n c e of  m ulti pl e e c os yst e m
s er vi c es  m a y b e, i n s o m e c o u ntri es, vi a bl e alt er n ati v es t o  miti g at e t h e n e g ati v e i m p a cts of
a gri c ult ur al e x p a nsi o n ( H a ns p ac h et al., 2 0 1 7 ; Ne pst a d et al., 2 0 1 4 ; Ta ne nt z a p et al., 2 0 1 5 ).
W orl d wi d e, p oli ci es t ar g eti n g c o ns u m er n ati o ns t h at r e d u c e t h eir e c ol o gi c al f o ot pri nt
i n pri m at e r a n g e r e gi o ns ar e n e e d e d.  Gr e e n t a g gi n g a n d c erti ﬁ c ati o n, gr e at er c o ntr ols o n
f air tr a d e, c or p or at e r es p o nsi bilit y i n r e c y cli n g, a n d p oll uti o n a n d c ar b o n e m misi o ns
c o ntr ol, t h e eli mi n ati o n of e x c essi v e p a c k a gi n g, a n d t h e s ust ai n a bl e p ur c h asi n g of g o o ds
a n d s er vi c es ar e criti c al t o ols f or l o w eri n g  w orl d wi d e d e m a n d f or pr o c ess e d  m at eri als
(M or a n, Peters o ne  &  Ver o nes, 2 0 1 6 ) a n d  w o ul d h el p all e vi at e pr ess ur es o n pri m at e
h a bit ats ( D aler u m, 2 0 1 4 ).  As p art of t h e “ gr e e ni n g ” of tr a d e, i nt er n ati o n al c or p or ati o ns
s h o ul d a d d “e n vir o n m e nt al ” c osts t o pr o d u cts s o t h at t h er e is a c o nti n u o us r e g e n er ati o n
of f u n ds t o s ust ai n a bl y pr o m ot e c o ns er v ati o n ( B utler  & L a ur a nce, 2 0 0 8 ).  Alt er n ati v el y,
t h e  W orl d B a n k or  U N c o ul d r e q uir e t h at c or p or ati o ns a n d c o ns u m er n ati o ns p a y i nt o
a s ust ai n a bilit y/ c o ns er v ati o n f u n d b as e d o n t h eir l e v els of c o ns u m pti o n a n d
e n vir o n m e nt al d a m a g e ( e. g., li k e a c ar b o n t a x;  C ar b o n  Ta x  C e nt er htt ps:// w w w. c ar b o nt a x.
or g ; c o ns ult e d  A u g ust 2 0 1 7). I n c o u ntri es i n  w hi c h t h e r ur al p o or d e p e n d o n f or est
pr o d u cts, c o m m u nit y f or est  m a n a g e m e nt c o ul d bri d g e or i nt e gr at e t h e n e e ds of
c o ns er v ati o n a n d c o m m o dit y pr o d u cti o n, s ust ai n a bl y s af e g u ar di n g t h e c o nti n u e d
i nt e grit y of c o m pl e x e c ol o gi c al s yst e ms (S h arif  & S a h a, 2 0 1 7 ).  T h e r e c e nt
e n vir o n m e nt all y- ori e nt e d, d e m a n d-si d e p oli ci es r e g ar di n g ill e g al ti m b er i m p orts b y t h e
E U ( E U, 2 0 1 0 ), t h e E U r es ol uti o n o n oil p al m pr o d u cti o n a n d d ef or est ati o n ( E P, 2 0 1 7 ),
a n d t h e  A mst er d a m  D e cl ar ati o n t o eli mi n at e d ef or est ati o n fr o m a gri c ult ur al c o m m o dit y
c h ai ns ( A mster d a m  Decl ar ati o n, 2 0 1 5 ) r e pr es e nt i m p ort a nt a n d p ositi v e “ gr e e n ”
c h a n g es t h at n e e d t o b e a d o pt e d b y t h e  U. S.,  C hi n a, a n d ot h er c o ns u m e n ati o ns.  H o w e v er,
t h e c o nti n u e d gr o wt h of t h e gl o b al d e m a n d f or f or est-ris k a gri c ult ur al a n d n o nf o o d
c o m m o diti es r e q uir es a d diti o n al l e gisl ati o n a n d a str o n g er gl o b al eff ort at r e g ul ati n g
t h e n e g ati v e i m p a ct of u ns ust ai n a bl e c o m m o dit y tr a d e (He n ders et al., 2 0 1 8 ).
I n t h e c o nt e xt of l ar g e-s c al e d ef or est ati o n, Br a zil,  M a d a g as c ar, I n d o n esi a, a n d
D R C f a c e a d diti o n al c h all e n g es t h at r e q uir e c ost- eff e cti v e p oli ci es d esi g n e d t o  m ai nt ai n
i nt a ct ar e as of f or est a n d bi o di v ersit y (B usc h  & E n gel m a n n, 2 0 1 8 ) (Fi g. 1 1 ).  O n e a p pr o a c h
t o a c hi e v e t his g o al is t h e  R E D D + pr o gr a m  w h er e f u n ds ar e pr o vi d e d b y c o ns u m er
n ati o ns t o f or est-ri c h c o u ntri es t o offs et e missi o ns fr o m d ef or est ati o n, f or est
fr a g m e nt ati o n, a n d ot h er f or ms of e n vir o n m e nt al d e gr a d ati o n (G arcı´a- Ull o a  &  K o h, 2 0 1 6 ;
Ve nter  &  K o h, 2 0 1 2 ).  T h es e f u n ds c o ul d b e t ar g et e d t o e x p a n d f or est e d h a bit ats a n d
c o n n e ct f or est fr a g m e nts, as  w ell as pr o vi d e s e c urit y f or l o c al p o p ul ati o ns b y i n cr e asi n g
t h e e c o n o mi c a n d e c ol o gi c al v al u e of  m ai nt ai ni n g f or est e d l a n d.  T h es e pr o gr a ms ar e j ust
b e gi n ni n g b ut ar e s h o wi n g s o m e pr o misi n g r es ults i n  D R C ( F o bissie, 2 0 1 5 ), i n  M a kir a,
M a d a g as c ar (s e e htt ps:// m a d a g as c ar. w cs. or g/ M a kir a- C ar b o n. as p x ) a n d i n t h e  Atl a nti c
F or est of Br a zil ( Br a nc ali o n et al., 2 0 1 3 ).
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T h e f or e c ast e d f ut ur e h u m a n p o p ul ati o n a n d e c o n o mi c gr o wt h of Br a zil, I n d o n esi a,
D R C, a n d  M a d a g as c ar al o n g  wit h i n cr e as e d gl o b al a n d l o c al d e m a n ds f or f o o d a n d n o n-
f o o d pr o d u cts  will h ei g ht e n pr ess ur es o n pri m at e p o p ul ati o ns i n t h es e f o ur c o u ntri es.
T h e Br a zili a n a bilit y t o c o m b at d ef or est ati o n b y 8 0 % b et w e e n 2 0 0 5 a n d 2 0 1 3 is a n
e x a m pl e t h at c o ul d b e f oll o w e d b y t h e ot h er t hr e e c o u ntri es ( D o br o v ols ki  &  R attis, 2 0 1 4 ;
Ne pst a d et al., 2 0 1 4 ).  C o u ntri es t h at r el y o n a gri c ult ur al a n d n at ur al r es o ur c e e x p orts fr o m
t h es e f o ur pri m at e-ri c h c o u ntri es  m ust b e c o m e  m aj or c o ntri b ut ors t o c o ns er v ati o n eff orts
t h at t a k e pl a c e b e y o n d t h eir b or d ers.  T h e s af e g u ar di n g of t h e pri m at e f a u n a i n e a c h
c o u ntr y  will r e q uir e a n i n cr e as e i n s uit a bl e l a n d d e v ot e d t o pr ot e ct e d ar e as a n d i m pr o v e d
c o ns er v ati o n  m a n a g e m e nt, as  m a n y s p e ci es l a c k a d e q u at e pr ot e cti o n ( J o p p a  & Pf aff,
2 0 0 9 ). I n a d diti o n, gi v e n t h at t h e u n pr e c e d e nt e d gl o b ali z e d d e m a n d f or ill e g al  wil dlif e, t h e
b us h m e at tr a d e, a n d t h e us e of b o d y p arts i n tr a diti o n al  m e di ci n e a n d as tr o p hi es, is
r a pi dl y d e pl eti n g n at ur al pri m at e p o p ul ati o ns ( B e n nett, 2 0 0 2 ; U N O D C, 2 0 1 6 ), a n
i nt er n ati o n al a g e n c y, s u c h as I nt er p ol, t h at h as t h e c a p a cit y t o c o n d u ct a n d c o or di n at e
c o u nt er i nt elli g e n c e i n v esti g ati o ns  w orl d wi d e is criti c all y n e e d e d.  T h es e i nt er n ati o n al
i n v esti g ati o ns c a n i d e ntif y cri mi n al or g a ni z ati o ns i n v ol v e d i n t h e ill e g al tr a d e,  w hi c h
s h o ul d b e c o nsi d er e d a f or m of bi ot err oris m ( Fi gs. 4 a n d 1 1 ).  Gi v e n t h e s e v erit y of t his
pr o bl e m, st o p pi n g t h e s u p pl y c h ai n of ill e g al pri m at e h u nti n g a n d pri m at e tr a d e i n t h e
f o ur c o u ntri es n e e ds t o b e i n cl u d e d i n i nt e gr at e d c o ns er v ati o n  m o d els (Br as h ares et al.,
2 0 1 4 ) t h at als o a d dr ess es g o v er n m e nt c orr u pti o n ( Estr a d a et al., 2 0 1 7 ).  T his als o r e q uir es a
f o c us e d eff ort t o pr o m ot e a p ositi v e attit u d e, b ot h i n pri m at e r a n g e c o u ntri es a n d i n
c o ns u m er n ati o ns t o w ar ds e n vir o n m e nt al pr ot e cti o n a n d c o ns er v ati o n e d u c ati o n, a n d
i nt er v e nti o ns n e e d t o pr o vi d e r es o ur c es a n d a c c ess t o i nf or m ati o n t o e n c o ur a g e  m e m b ers
of l o c al c o m m u niti es t o pr ot e ct  wil dlif e ( C h alle n der  &  M ac Mill a n, 2 0 1 4 ).
O ur r e vi e w h as s h o w n t h at l o c al a n d gl o b al s o ci al, e c o n o mi c a n d p oliti c al f a ct ors
i m p eril t h e p ersist e n c e of pri m at e p o p ul ati o ns i n Br a zil,  M a d a g as c ar, I n d o n esi a, a n d
D R C, a n d t h at  m or e n e e ds t o b e d o n e b y l o c al g o v er n m e nts a n d i nt er n ati o n al b o di es t o
e ns ur e t h at pri m at es, a criti c al c o m p o n e nt of e a c h n ati o n’s n at ur al h erit a g e a n d
bi o di v ersit y, d o n ot b e c o m e r ar e, l o c all y e xtir p at e d, or i n t h e c as e of e n d e mi c s p e ci es,
e xti n ct. If t his is all o w e d, t h es e c o u ntri es ris k l osi n g c o m pl e x e c os yst e m s er vi c es a n d
s o ci al, hist ori c al, a n d c ult ur al r el ati o ns hi ps t h at h a v e p ersist e d b et w e e n h u m a n
pri m at es a n d n o n h u m a n pri m at es o v er  m a n y t h o us a n ds of y e ars ( C h a n dr a, 2 0 1 7 ; F ue ntes,
2 0 1 2 ; Voi gt et al., 2 0 1 8 ).  T h es e c o u ntri es als o ris k t h e d est a bili zi n g c o ns e q u e n c es of h a bit at
d e gr a d ati o n, p oll uti o n, cli m at e c h a n g e, a n d f o o d i ns e c urit y f or t h eir h u m a n p o p ul ati o ns
B e c a us e Br a zil,  M a d a g as c ar, I n d o n esi a, a n d t h e  D R C h ar b or 6 5 % of t h e  w orl d’s pri m at e
s p e ci es, t h es e c o u ntri es ar e of criti c al si g ni ﬁ c a n c e f or gl o b al pri m at e c o ns er v ati o n.
C o ns e q u e ntl y, ur g e nt l o c al a n d gl o b al a cti o n  m ust b e t a k e n t o r e v ers e t h e c urr e nt
sit u ati o n of i m p e n di n g pri m at e e xti n cti o ns.
A C K N O W L E D G E M E N T S
P a ul  A.  G ar b er is f or e v er gr at ef ul t o J e n nif er  A.  G ar b er f or i ns piri n g hi m t o r e dir e ct his
eff orts t o pr ot e cti n g t h e  w orl d’s t hr e at e n e d pri m at e p o p ul ati o ns.  Al ej a n dr o Estr a d a is
t h a n kf ul t o Eri k a a n d  Al e x f or al w a ys s u p p orti n g  m y i nt er ests i n pri m at e r e a e ar c h a n d
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 3 5/ 5 7
c o ns er v ati o n.  Al ej a n dr o Estr a d a  w o ul d li k e t o t h a n k P. A.  G ar b er a n d all o ur c o u at h ors
f or t h eir c oll a b or ati o n t o  m o v e t his arti cl e f or w ar d.
A D DI TI O N A L I N F O R M A TI O N  A N D  D E C L A R A TI O N S
F u n di n g
A nt h o n y B.  R yl a n ds a n d  R uss ell  A.  Mitt er m ei er r e c ei v e d s u p p ort fr o m  Gl o b al  Wil dlif e
C o ns er v ati o n,  A usti n,  Te x as,  U S A. Si d n e y  G o u v ei a a n d  Ri c ar d o  D o br o v ols ki ar e
s u p p ort e d b y  C N P q,  C A P E S a n d F A P E S B (t h e  R es e ar c h  A g e n c y of t h e st at e of B a hi a).
T h eir c o ntri b uti o n t o t h e  m a n us cri pt  w as d e v el o p e d i n t h e c o nt e xt of t h e I nstit ut e f or
S ci e n c e a n d  Te c h n ol o g y (I N C T) i n E c ol o g y, E v ol uti o n a n d Bi o di v ersit y  C o ns er v ati o n,
M C TI C/ C N p q ( pr o c. 4 6 5 6 1 0/ 2 0 1 4- 5) a n d F A P E G.  M a uri ci o  Tal e bi’s c o ntri b uti o ns  w er e
s u p p ort e d b y t h e S a˜o P a ul o St at e  R es e ar c h  A g e n c y ( F A P E S P Pr o c ess 2 0 1 6/ 0 8 4 2 2- 0). J u´ li o
C e´s ar  Bi c c a- M ar q u es’ c o ntri b uti o n  w as f a cilit at e d b y t h e Br a zili a n  N ati o n al S ci e n c e
F o u n d ati o n/ C N P q ( P Q # 3 0 3 3 0 6/ 2 0 1 3- 0). L e a n dr o J er us ali ns k y r e c ei v e d s u p p ort fr o m
I C M Bi o.  U S AI D- C A R P E a n d  U S F W S h a v e c o ntri b ut e d t o n u m er o us  wil dlif e s ur v e ys i n
D R C a n d h as s u p p ort e d S us a n  C h e y n e’s l o n g-t er m st u di es i n I n d o n esi a.  T h e f u n d ers h a d
n o r ol e i n st u d y d esi g n, d at a c oll e cti o n a n d a n al ysis, d e cisi o n t o p u blis h, or pr e p ar ati o n
of t h e  m a n us cri pt.
Gr a nt  Di s cl o s ur e s
T h e f oll o wi n g gr a nt i nf or m ati o n  w as dis cl os e d b y t h e a ut h ors:
Gl o b al  Wil dlif e  C o ns er v ati o n.
C N P q,  C A P E S a n d F A P E S B (t h e  R es e ar c h  A g e n c y of t h e st at e of B a hi a).
S a˜ o P a ul o St at e  R es e ar c h  A g e n c y ( F A P E S P Pr o c ess 2 0 1 6/ 0 8 4 2 2- 0).
Br a zili a n  N ati o n al S ci e n c e F o u n d ati o n/ C N P q ( P Q # 3 0 3 3 0 6/ 2 0 1 3- 0).
I nstit ut e f or S ci e n c e a n d  Te c h n ol o g y (I N C T) i n E c ol o g y, E v ol uti o n a n d Bi o di v ersit y
C o ns er v ati o n.
M C TI C/ C N p q ( pr o c. 4 6 5 6 1 0/ 2 0 1 4- 5).
F A P E G.
I C M Bi o.
U S AI D- C A R P E.
U S F W S.
C o m p eti n g I nt er e st s
R uss ell  A.  Mitt er m ei er a n d  A nt h o n y B.  R yl a n ds ar e e m pl o y e d b y  Gl o b al  Wil dlif e
C o ns er v ati o n,  C hrist o p h S c h wit z er is e m pl o y e d b y Brist ol  Z o ol o gi c al S o ci et y,  C hristi a n
R o os is e m pl o y e d b y  D e uts c h es Pri m at e n z e ntr u m,  M a d e  We d a n a is e m pl o y e d b y  T h e
As pi n all F o u n d ati o n a n d  Arif S eti a w a n is e m pl o y e d b y S w ar a O w a.
A ut h or  C o ntri b uti o n s
Al ej a n dr o Estr a d a c o n c ei v e d a n d d esi g n e d t h e e x p eri m e nts, p erf or m e d t h e e x p eri m e nts,
a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/ m at eri als/ a n al ysis t o ols, pr e p ar e d ﬁ g ur es a n d/ or
t a bl es, a ut h or e d or r e vi e w e d dr afts of t h e p a p er, a p pr o v e d t h e ﬁ n al dr aft.
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 3 6/ 5 7
P a ul  A.  G ar b er c o n c ei v e d a n d d esi g n e d t h e e x p eri m e nts, p erf or m e d t h e e x p eri m e nts,
a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/ m at eri als/ a n al ysis t o ols, pr e p ar e d ﬁ g ur es a n d/ or
t a bl es, a ut h or e d or r e vi e w e d dr afts of t h e p a p er, a p pr o v e d t h e ﬁ n al dr aft.
R uss ell  A.  Mitt er m ei er p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d
r e a g e nts/ m at eri als/ a n al ysis t o ols, a p pr o v e d t h e ﬁ n al dr aft.
S er g e  Wi c h p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/
m at eri als/ a n al ysis t o ols, a ut h or e d or r e vi e w e d dr afts of t h e p a p er, a p pr o v e d t h e
ﬁ n al dr aft.
Si d n e y  G o u v ei a p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/
m at eri als/ a n al ysis t o ols, pr e p ar e d ﬁ g ur es a n d/ or t a bl es, a ut h or e d or r e vi e w e d dr afts of
t h e p a p er, a p pr o v e d t h e ﬁ n al dr aft.
Ri c ar d o  D o br o v ols ki p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d
r e a g e nts/ m at eri als/ a n al ysis t o ols, pr e p ar e d ﬁ g ur es a n d/ or t a bl es, a ut h or e d or r e vi e w e d
dr afts of t h e p a p er, a p pr o v e d t h e ﬁ n al dr aft.
K. A.I.  N e k aris p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/
m at eri als/ a n al ysis t o ols, pr e p ar e d ﬁ g ur es a n d/ or t a bl es, a ut h or e d or r e vi e w e d dr afts
of t h e p a p er, a p pr o v e d t h e ﬁ n al dr aft.
Vi n c e nt  Nij m a n p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/
m at eri als/ a n al ysis t o ols, pr e p ar e d ﬁ g ur es a n d/ or t a bl es, a ut h or e d or r e vi e w e d dr afts of
t h e p a p er, a p pr o v e d t h e ﬁ n al dr aft.
A nt h o n y B.  R yl a n ds c o n c ei v e d a n d d esi g n e d t h e e x p eri m e nts, p erf or m e d t h e
e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/ m at eri als/ a n al ysis t o ols, a ut h or e d
or r e vi e w e d dr afts of t h e p a p er, a p pr o v e d t h e ﬁ n al dr aft.
Fi o n a  M ais els p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/
m at eri als/ a n al ysis t o ols, pr e p ar e d ﬁ g ur es a n d/ or t a bl es, a ut h or e d or r e vi e w e d dr afts of
t h e p a p er, a p pr o v e d t h e ﬁ n al dr aft.
Eli z a b et h  A.  Willi a ms o n p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d
r e a g e nts/ m at eri als/ a n al ysis t o ols, pr e p ar e d ﬁ g ur es a n d/ or t a bl es, a ut h or e d or r e vi e w e d
dr afts of t h e p a p er, a p pr o v e d t h e ﬁ n al dr aft.
J uli o Bi c c a- M ar q u es p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d
r e a g e nts/ m at eri als/ a n al ysis t o ols, a ut h or e d or r e vi e w e d dr afts of t h e p a p er, a p pr o v e d t h e
ﬁ n al dr aft.
A g usti n F u e nt es p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/
m at eri als/ a n al ysis t o ols, a p pr o v e d t h e ﬁ n al dr aft.
L e a n dr o J er us ali ns k y p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d
r e a g e nts/ m at eri als/ a n al ysis t o ols, a p pr o v e d t h e ﬁ n al dr aft.
St ei g J o h ns o n p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/
m at eri als/ a n al ysis t o ols, a ut h or e d or r e vi e w e d dr afts of t h e p a p er, a p pr o v e d t h e ﬁ n al
dr aft.
F a bi a n o  R o dri g u es d e  M el o p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d
r e a g e nts/ m at eri als/ a n al ysis t o ols, a p pr o v e d t h e ﬁ n al dr aft.
L e o n ar d o  Oli v eir a p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/
m at eri als/ a n al ysis t o ols, a p pr o v e d t h e ﬁ n al dr aft.
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 3 7/ 5 7
C hrist o p h S c h wit z er p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d
r e a g e nts/ m at eri als/ a n al ysis t o ols, a ut h or e d or r e vi e w e d dr afts of t h e p a p er, a p pr o v e d t h e
ﬁ n al dr aft.
C hristi a n  R o os p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/
m at eri als/ a n al ysis t o ols, a ut h or e d or r e vi e w e d dr afts of t h e p a p er, a p pr o v e d t h e ﬁ n al
dr aft.
S us a n  M.  C h e y n e p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/
m at eri als/ a n al ysis t o ols, a p pr o v e d t h e ﬁ n al dr aft.
M ari a  C e cili a  M arti ns  Ki er ulff p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a,
c o ntri b ut e d r e a g e nts/ m at eri als/ a n al ysis t o ols, a ut h or e d or r e vi e w e d dr afts of t h e p a p er,
a p pr o v e d t h e ﬁ n al dr aft.
Bri gitt e  R a h ari v ol ol o n a p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d
r e a g e nts/ m at eri als/ a n al ysis t o ols, a ut h or e d or r e vi e w e d dr afts of t h e p a p er, a p pr o v e d
t h e ﬁ n al dr aft.
M a uri ci o  Tal e bi p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/
m at eri als/ a n al ysis t o ols, a p pr o v e d t h e ﬁ n al dr aft.
J o n a h  R atsi m b a z af y p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d
r e a g e nts/ m at eri als/ a n al ysis t o ols, a p pr o v e d t h e ﬁ n al dr aft.
J at n a S u pri at n a p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/
m at eri als/ a n al ysis t o ols, a p pr o v e d t h e ﬁ n al dr aft.
R a m es h B o o nr at a n a p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d
r e a g e nts/ m at eri als/ a n al ysis t o ols, a p pr o v e d t h e ﬁ n al dr aft.
M a d e  We d a n a p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/
m at eri als/ a n al ysis t o ols, a p pr o v e d t h e ﬁ n al dr aft.
Arif S eti a w a n p erf or m e d t h e e x p eri m e nts, a n al y z e d t h e d at a, c o ntri b ut e d r e a g e nts/
m at eri als/ a n al ysis t o ols, a p pr o v e d t h e ﬁ n al dr aft.
D at a  A v ail a bilit y
T h e f oll o wi n g i nf or m ati o n  w as s u p pli e d r e g ar di n g d at a a v ail a bilit y:
T h e r es e ar c h i n t his arti cl e di d n ot g e n er at e a n y d at a or c o d e.
S u p pl e m e nt al I nf or m ati o n
S u p pl e m e nt al i nf or m ati o n f or t his arti cl e c a n b e f o u n d o nli n e at htt p:// d x. d oi. or g/
1 0. 7 7 1 7/ p e erj. 4 8 6 9 #s u p pl e m e nt al-i nf or m ati o n .
R E F E R E N C E S
A b e r n et h y  K A,  C o a d L,  Ta yl o r  G, L e e  M E,  M ais els F. 2 0 1 3. E xt e nt a n d e c ol o gi c al c o ns e q u e n c es of
h u nti n g i n  C e ntr al  Afri c a n r ai nf or ests i n t h e t w e nt y- ﬁrst c e nt ur y. P hil os o p hic al  Tr a ns acti o ns of
t he  R o y al S ociet y B: Bi ol o gic al Scie nces 3 6 8( 1 6 2 5) : 2 0 1 2 0 3 0 3 D OI 1 0. 1 0 9 8/rst b. 2 0 1 2. 0 3 0 3 .
A b e r n et h y  K A,  M ais els F,  W hit e LJ T. 2 0 1 6. E n vir o n m e nt al iss u es i n  C e ntr al  Afri c a. A n n u al Re vie w
of E n vir o n me nt a n d  Res o urces 4 1( 1) : 1 – 3 3 D OI 1 0. 1 1 4 6/ a n n ur e v- e n vir o n- 1 1 0 6 1 5- 0 8 5 4 1 5 .
A b o o d S A, L e e J S H,  B u ri v al o v a  Z,  G a r ci a- Ull o a J,  K o h L P. 2 0 1 5. R el ati v e c o ntri b uti o ns of t h e
l o g gi n g, ﬁ b er, oil p al m, a n d  mi ni n g i n d ustri es t o f or est l oss i n I n d o n esi a. C o nser v ati o n Letters
8( 1) : 5 8 – 6 7 D OI 1 0. 1 1 1 1/ c o nl. 1 2 1 0 3 .
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 3 8/ 5 7
A d a ms  W A,  H utt o n J. 2 0 0 7. Pe o pl e, p ar ks a n d p o v ert y: p oliti c al e c ol o g y a n d bi o di v ersit y
c o ns er v ati o n. C o nser v ati o n a n d S ociet y 5 : 1 4 7 – 1 8 3.
A g usti n I K,  A n g g ri a w a n  A,  Mili y a n a w ati  B K, S eti a w a n  A. 2 0 1 6. Distri b uti o n of S u m atr a n s urili
(Pres b ytis  mel al o p h os ) i n  Keri n ci a n d J a m bi Pr o vi n c e I n d o n esi a. Pr oj e ct r e p ort. Pri m ate
C o nser v ati o n I nc . Av ail a ble at htt p:// w w w. pri m ate. or g/s u p p ort. ht m .
Al a m gi r  M,  C a m p b ell  MJ, Sl o a n S,  G o o s e m  M,  Cl e m e nts  G R,  M a h m o u d  MI, L a u r a n c e  W F.
2 0 1 7. E c o n o mi c, s o ci o- p oliti c al a n d e n vir o n m e nt al ris ks of r o a d d e v el o p m e nt i n t h e tr o pi cs.
C urre nt Bi ol o g y 2 7( 2 0) : R 1 1 3 0 – R 1 1 4 0 D OI 1 0. 1 0 1 6/j. c u b. 2 0 1 7. 0 8. 0 6 7 .
Alisj a h b a n a  A S,  B us c h J M. 2 0 1 7. F or estr y, f or est ﬁr es, a n d cli m at e c h a n g e i n I n d o n esi a. B ulleti n of
I n d o nesi a n Ec o n o mic St u dies 5 3( 2) : 1 1 1 – 1 3 6 D OI 1 0. 1 0 8 0/ 0 0 0 7 4 9 1 8. 2 0 1 7. 1 3 6 5 4 0 4 .
Al m ei d a  M A B, S a nt os E,  C a r d os o J C, F o ns e c a  D F,  N oll  C A, Sil v ei r a  V R,  M a e d a  A Y, S o u z a  R P,
K a n a m u r a  C,  B r asil  R A. 2 0 1 1. Yell o w f e v er o ut br e a k aff e cti n g Al o u att a p o p ul ati o ns i n
S o ut h er n Br a zil ( Ri o  Gr a n d e d o S ul St at e), 2 0 0 8- 2 0 0 9. A meric a n J o ur n al of Pri m at ol o g y
7 4( 1) : 6 8 – 7 6 D OI 1 0. 1 0 0 2/ aj p. 2 1 0 1 0 .
Al s a m a wi  A,  M u r r a y J, L e n z e n  M,  M o r a n  D,  K a n e m ot o  K. 2 0 1 4. T h e i n e q u alit y f o ot pri nts
of n ati o ns: a n o v el a p pr o a c h t o q u a ntit ati v e a c c o u nti n g of i n c o m e i n e q u alit y. P L O S  O N E
9( 1 0) : e 1 1 0 8 8 1 D OI 1 0. 1 3 7 1/j o ur n al. p o n e. 0 1 1 0 8 8 1 .
Al v a r e z- B e r rı´os  N L,  Ai d e  T M. 2 0 1 5. Gl o b al d e m a n d f or g ol d is a n ot h er t hr e at f or tr o pi c al f or ests.
E n vir o n me nt al  Rese arc h Letters 1 0( 1) : e 0 1 4 0 0 6 D OI 1 0. 1 0 8 8/ 1 7 4 8- 9 3 2 6/ 1 0/ 1/ 0 1 4 0 0 6 .
Al v es  R R N, S o ut o  W M S,  B a r b o z a  R R D. 2 0 1 0. Pri m at es i n tr a diti o n al f ol k  m e di ci n e: a  w orl d
o v er vi e w. M a m m ali a n  Re vie w 4 0( 2) : 1 5 5 – 1 8 0 D OI 1 0. 1 1 1 1/j. 1 3 6 5- 2 9 0 7. 2 0 1 0. 0 0 1 5 8. x .
A m st e r d a m  D e cl a r ati o n. 2 0 1 5. T h e  A mst er d a m d e cl ar ati o n ‘t o w ar ds eli mi n ati n g d ef or est ati o n
fr o m a gri c ult ur al c o m m o dit y c h ai ns  wit h e ur o p e a n c o u ntri es’. Av ail a ble at htt ps:// w w w.
e u a n d g vc. nl/ d oc u me nts/ p u blic ati o ns/ 2 0 1 5/ dece m ber/ 7/ decl ar ati o ns .
A n c r e n a z  M,  G u m al  M,  M a r s h all  AJ,  M eij a a r d E,  Wi c h S A,  H u s s o n S. 2 0 1 6. P o n g o
p y g m a e us . T h e I U C N  R e d List of  T hr e at e n e d S p eci es 2 0 1 6 : e. T 1 7 9 7 5 A 1 7 9 6 6 3 4 7
D OI 1 0. 2 3 0 5/I U C N. U K. 2 0 1 6- 1. R L T S. T 1 7 9 7 5 A 1 7 9 6 6 3 4 7. e n .
A n c r e n a z  M,  O r a m F,  A m b u L, L a c k m a n I,  A h m a d E, El a h a n  H,  Kl e r  H,  A b r a m  N K,
M eij a a r d E. 2 0 1 5. Of P o n g o , p al ms a n d p er c e pti o ns: a  m ulti dis ci pli n ar y ass ess m e nt of
B or n e a n or a n g- ut a ns P o n g o p y g m a e us i n a n oil p al m c o nt e xt. Or y x 4 9( 3) : 4 6 5 – 4 7 2
D OI 1 0. 1 0 1 7/s 0 0 3 0 6 0 5 3 1 3 0 0 1 2 7 0 .
A r a u´ j o  M B,  C a b e z a  M,  T h uill e r  W,  H a n n a h L,  Willi a ms P H. 2 0 0 4. W o ul d cli m at e c h a n g e dri v e
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D a v e n p o rt  T, F a ki h S,  Ki miti S,  Kl ei n e L, F ol e y L,  D e L u c a  D. 2 0 1 7. Z a n zi b ar’s e n d e mi c r e d
c ol o b us Pili oc ol o b us kir kii : ﬁrst s yst e m ati c a n d t ot al ass ess m e nt of p o p ul ati o n, d e m o gr a p h y a n d
distri b uti o n. E p u b a h e a d of pri nt 7  D e c e m b er 2 0 1 7. Or y x D OI 1 0. 1 0 1 7/ S 0 0 3 0 6 0 5 3 1 7 0 0 1 4 8 X .
D a y S R,  R a m a r o k ot o  R E A F, Sit z m a n n  B D,  R a n d ri a m b o a h a n gi nj at o v o  R,  R a m a n a n ki rij a  H,
R e n c e  V,  R a n d ri a ni n d ri n a  A,  R a v ol ol o n a ri v o  G, L o uis E E J r. 2 0 0 9. R e-i ntr o d u cti o n of
di a d e m e d sif a k a ( Pr o pit hec us di a de m a ) a n d bl a c k a n d  w hit e r uff e d l e m urs ( Vareci a v arie g at a
e dit or u m ) at  A n al a m a z a otr a S p e ci al  R es er v e, e ast er n  M a d a g as c ar. Le m ur  Ne ws 1 4 : 3 2 – 3 7.
D o b r o v ols ki  R, L o y ol a  R,  D a F o ns e c a  G A B,  Di ni z- Fil h o J A F,  A r a u ´ j o  M B. 2 0 1 4. Gl o b ali zi n g
c o ns er v ati o n eff orts t o s a v e s p e ci es a n d e n h a n c e f o o d pr o d u cti o n. Bi oscie nce 6 4( 6) : 5 3 9 – 5 4 5
D OI 1 0. 1 0 9 3/ bi os ci/ bi u 0 6 4 .
D o b r o v ols ki  R, L o y ol a  R D,  G uil h a u m o n F,  G o u v ei a S F,  Di ni z- Fil h o J A F. 2 0 1 3. Gl o b al
a gri c ult ur al e x p a nsi o n a n d c ar ni v or e c o ns er v ati o n bi o g e o gr a p h y. Bi ol o gic al  C o nser v ati o n
1 6 5 : 1 6 2 – 1 7 0 D OI 1 0. 1 0 1 6/j. bi o c o n. 2 0 1 3. 0 6. 0 0 4 .
D o b r o v ols ki  R,  R attis L. 2 0 1 4. Br a zil s h o ul d h el p d e v el o pi n g n ati o ns t o f ost er a gri c ult ur e
a n d e n vir o n m e nt al pr ot e cti o n. Fr o ntiers i n Ec ol o g y a n d t he E n vir o n me nt 1 2( 7) : 3 7 6
D OI 1 0. 1 8 9 0/ 1 4. w b. 0 1 0 .
D oli ns F L, J oll y  A,  R as a mi m a n a n a  H,  R at si m b a z af y J, F eist n e r  A T,  R a v o a v y F. 2 0 1 0.
C o ns er v ati o n e d u c ati o n i n  M a d a g as c ar: t hr e e c as e st u di es i n t h e bi ol o gi c all y di v ers e isl a n d-
c o nti n e nt. A meric a n J o ur n al Pri m at ol o g y 7 2( 5) : 3 9 1 – 4 0 6 D OI 1 0. 1 0 0 2/ aj p. 2 0 7 7 9 .
D o n ati  G,  R a m a n a m a nj at o J- B,  R a v o a h a n g y  A M,  Vi n c el ett e  M. 2 0 0 7. Tr a nsl o c ati o n as a
c o ns er v ati o n  m e as ur e f or a n e n d a n g er e d s p e ci es i n t h e litt or al f or est of s o ut h e ast er n
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 4 2/ 5 7
M a d a g as c ar: t h e c as e of E ule m ur c oll aris . I n:  G a n z h or n J U,  G o o d m a n S M,  Vi n c el ett e  M, e ds.
Bi o di versit y, Ec ol o g y a n d  C o nser v ati o n of Litt or al F orest Ec os yste ms i n S o ut he aster n  M a d a g asc ar,
Tol a g n ar o ( F ort  D a u p hi n) .  Was hi n gt o n,  D. C.: S mit hs o ni a n Pr ess, 2 3 7 – 2 4 5.
D os e n J,  R a b o y  B E, F o rti b  MJ. 2 0 1 7. R est or ati o n str at e gi es t o i m pr o v e c o n n e cti vit y f or g ol d e n-
h e a d e d li o n t a m ari ns ( Le o nt o pit hec us c hr ys o m el as ) i n t h e B a hi a n  Atl a nti c F or est, Br a zil.
I nter n ati o n al J o ur n al of Pri m at ol o g y 3 8( 5) : 9 6 2 – 9 8 3 D OI 1 0. 1 0 0 7/s 1 0 7 6 4- 0 1 7- 9 9 9 1- 8 .
D o u gl as L R,  Ali e  K. 2 0 1 4. Hi g h- v al u e n at ur al r es o ur c es: li n ki n g  wil dlif e c o ns er v ati o n t o
i nt er n ati o n al c o n ﬂi ct, i ns e c urit y, a n d d e v el o p m e nt c o n c er ns. Bi ol o gic al  C o nser v ati o n
1 7 1 : 2 7 0 – 2 7 7 D OI 1 0. 1 0 1 6/j. bi o c o n. 2 0 1 4. 0 1. 0 3 1 .
D u p ai n J,  N a c k o n e y J,  Va r g as J M, J o h ns o n PJ, F a rf a ´n  M A,  B of as o  M, F a J E. 2 0 1 2. B us h m e at
c h ar a ct eristi cs v ar y  wit h c at c h m e nt c o n diti o ns i n a  C o n g o  m ar k et. Bi ol o gic al  C o nser v ati o n
1 4 6( 1) : 3 2 – 4 0 D OI 1 0. 1 0 1 6/j. bi o c o n. 2 0 1 1. 1 1. 0 2 5 .
E d w a r ds  D P, Sl o a n S,  We n g L,  Di r ks P, S a y e r J, L a u r a n c e  W F. 2 0 1 4. Mi ni n g a n d t h e  Afri c a n
e n vir o n m e nt. C o ns er v ati o n Letters 7( 3) : 3 0 2 – 3 1 1 D OI 1 0. 1 1 1 1/ c o nl. 1 2 0 7 6 .
Ef ﬁ o m E O,  N u n˜ e z-It u r ri  G, S mit h  H G,  Ott oss o n  U,  Olss o n  O. 2 0 1 3. B us h m e at h u nti n g c h a n g es
r e g e n er ati o n of  Afri c a n r ai nf or ests. Pr ocee di n gs of t he  R o y al S ociet y B: Bi ol o gic al Scie nces
2 8 0( 1 7 5 9) : 2 0 1 3 0 2 4 6 D OI 1 0. 1 0 9 8/rs p b. 2 0 1 3. 0 2 4 6 .
E u r o p e a n P a rli a m e nt ( E P). 2 0 1 7. R es ol uti o n o n p al m oil a n d d ef or est ati o n of r ai nf or ests. ( 2 0 1 6/
2 2 2 2(I NI)). Av ail a ble at htt p:// w w w.e ur o p arl.e ur o p a.e u/si des/ g et D oc. d o? p u b Ref =-// E P//
N O N S G M L + T A + P 8- T A- 2 0 1 7- 0 0 9 8 + 0 + D O C + P D F + V 0// E N .
E st r a d a  A. 2 0 1 3. S o ci o e c o n o mi c c o nt e xts of pri m at e c o ns er v ati o n: p o p ul ati o n, p o v ert y, gl o b al
e c o n o mi c d e m a n ds a n d s ust ai n a bl e l a n d us e. A meric a n J o ur n al of Pri m at ol o g y 7 5( 1) : 3 0 – 4 5
D OI 1 0. 1 0 0 2/ aj p. 2 2 0 8 0 .
E st r a d a  A,  G a r b e r P A,  R yl a n ds  A B,  R o os  C, F e r n a n d e z- D u q u e E,  Di Fi o r e  A,  N e k a ris  K AI,
Nij m a n  V,  H e y m a n n E W, L a m b e rt J E,  R o v e r o F,  B a r elli  C, S et c h ell J M,  Gill es pi e  T R,
Mitt e r m ei e r  R A,  A r r e g oiti a L V,  G ui n e a  M,  G o u v ei a S,  D o b r o v ols ki  R, S h a n e e S, S h a n e e  N,
B o yl e S A, F u e nt es  A,  M a c Ki n n o n  K C,  A m at o  K R,  M e y e r  A L S,  Wi c h S, S uss m a n  R W, P a n  R,
K o n e I, Li  B. 2 0 1 7. I m p e n di n g e xti n cti o n crisis of t h e  w orl d’s pri m at es:  w h y pri m at es  m att er.
Scie nce  A d v a nces 3 : e 1 6 0 0 9 4 6.
E st r a d a  A,  R a b o y  B E,  Oli v ei r a L C. 2 0 1 2. A gr o e c os yst e ms a n d pri m at e c o ns er v ati o n i n t h e tr o pi cs:
a r e vi e w. A meric a n J o ur n al of Pri m at ol o g y 7 4( 8) : 6 9 6 – 7 1 1 D OI 1 0. 1 0 0 2/ aj p. 2 2 0 3 3 .
E u r o p e a n  U ni o n ( E U). 2 0 1 0. R e g ul ati o n ( E U)  N o 9 9 5/ 2 0 1 0 of t h e E ur o p e a n P arli a m e nt a n d of t h e
C o u n cil of 2 0  O ct o b er 2 0 1 0 l a yi n g d o w n t h e o bli g ati o ns of o p er at ors  w h o pl a ce ti m b er a n d
ti m b er pr o d u cts o n t h e  m ar k et t e xt  wit h E E A r el e v a n c e. Av ail a ble at htt p://e ur-le x.e ur o p a.e u/le g al-
c o nte nt/ E N/ T X T/? uri = C E L E X: 3 2 0 1 0 R 0 9 9 5.
F a J E,  Oli v e r o J, F a rf a´ n M A´ , M a´r q u e z  A L,  Va r g as J M,  R e al  R,  N asi  R. 2 0 1 4. I nt e gr ati n g
s ust ai n a bl e h u nti n g i n bi o di v ersit y pr ot e cti o n i n  C e ntr al  Afri c a: h ot s p ots,  w e a k s p ots, a n d
str o n g s p ots. P L O S  O N E 9( 1 1) : e 1 1 2 3 6 7 D OI 1 0. 1 3 7 1/j o ur n al. p o n e. 0 1 1 2 3 6 7 .
F A O, I F A D,  W F P. 2 0 1 5. T he St ate of F o o d I nsec urit y i n t he  Worl d 2 0 1 5.  Meeti n g t he 2 0 1 5
I nter n ati o n al  H u n ger  Tar gets:  Ta ki n g St oc k of  U ne ve n Pr o gress .  R o m e: F A O.
F e d e r m a n S,  D o r n b u r g  A,  D al y  D C,  D o w ni e  A, P e r r y  G H,  Y o d e r  A D, S a r gis EJ,  Ri c h a r d  A,
D o n o g h u e  MJ,  B a d e n  A L. 2 0 1 6. I m pli c ati o ns of l e m urif or m e xti n cti o ns f or t h e  M al a g as y
ﬂ or a. Pr ocee di n gs of t he  N ati o n al  Ac a de m y of Scie nces of t he  U nite d St ates of  A meric a
1 1 3( 1 8) : 5 0 4 1 – 5 0 4 6 D OI 1 0. 1 0 7 3/ p n as. 1 5 2 3 8 2 5 1 1 3 .
F e r r ei r a F S, F e r n a n d es- F e r r ei r a  H,  N et o  N A L,  B rit o S V,  Al v es  R R N. 2 0 1 3. T h e tr a d e of  m e di ci n al
a ni m als i n Br a zil: c urr e nt st at us a n d p ers p e cti v es. Bi o di versit y a n d  C o nser v ati o n 2 2( 4) : 8 3 9 – 8 7 0
D OI 1 0. 1 0 0 7/s 1 0 5 3 1- 0 1 3- 0 4 7 5- 7 .
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 4 3/ 5 7
Fi al h o  M S, P ri nt es  R C,  Al m ei d a  M A B, L a r o q u e P O, S a nt os E, J e r us ali ns k y L. 2 0 1 2. A v ali a c¸ a˜o d o
i m p a ct o d a e pi z o oti a d e F e br e  A m ar el a s o br e as p o p ul a c¸ o˜es d e pri m at as n a˜ o h u m a n os n as
u ni d a d es d e c o ns er v a c¸ a˜o d o  Ri o  Gr a n d e d o S ul, Br asil. Bi ote m as 2 5( 3) : 2 1 7 – 2 2 5
D OI 1 0. 5 0 0 7/ 2 1 7 5- 7 9 2 5. 2 0 1 2 v 2 5 n 3 p 2 1 7 .
Fi n e r  M,  B a b bitt  B,  N o v o a S, F e r r a r es e F, P a p p al a r d o S E,  D e  M a r c hi  M, S a u c e d o  M,  K u m a r  A.
2 0 1 5. F ut ur e of oil a n d g as d e v el o p m e nt i n t h e  w est er n  A m a z o n. E n vir o n me nt al  Rese arc h Letters
1 0( 2) : e 0 2 4 0 0 3 D OI 1 0. 1 0 8 8/ 1 7 4 8- 9 3 2 6/ 1 0/ 2/ 0 2 4 0 0 3 .
F o bi s si e  K. 2 0 1 5. L a n ds c a p e a p pr o a c h es i n t h e  C o n g o B asi n: li n ki n g t h e  D e m o cr ati c
R e p u bli c of  C o n g o’s E missi o n  R e d u cti o n Pr o gr a m ( E R P) a n d t h e  C e ntr al  Afri c a
R e gi o n al Pr o gr a m f or t h e E n vir o n m e nt ( C A R P E). I n:  Mi n a n g P A, v a n  N o or d wij k  M,
Fr e e m a n  O E,  M b o w  C, d e L e e u w J,  C at a c ut a n  D, e ds. Cli m at e- S m art
L a n dsc a p es:  M ultif u ncti o n alit y i n Pr actic e .  N air o bi:  W orl d  A gr of or estr y  C e ntr e (I C R A F),
3 6 1 – 3 7 1.
F r eit as  D S,  Bi c c a- M a r q u es J C. 2 0 1 1. E v al u ati n g t h e i m p a ct of a n o ut br e a k of y ell o w f e v er o n t h e
bl a c k- a n d- g ol d h o wl er  m o n k e y i n s o ut h er n Br a zil. Or y x 4 5 : 1 6 – 1 7.
F r e u d e n b e r g e r  K. 2 0 1 0. P ar a dise L ost? Less o ns fr o m 2 5 Ye ars of  U S AI D E n vir o n me nt Pr o gr a ms i n
M a d a g asc ar .  Was hi n gt o n,  D. C.: I nt er n ati o n al  R es o ur c es  Gr o u p, 1 – 1 0 6. Av ail a ble at htt ps:// w w w.
us ai d. g o v/sites/ def a ult/ ﬁles/ d oc u me nts/ 1 8 6 0/ p ar a dise _l ost _ 2 5 ye ars _e n v _ pr o gr a ms. p df .
F u e nt es  A. 1 9 9 8. C urr e nt st at us a n d f ut ur e vi a bilit y f or t h e  M e nt a w ai pri m at es. Pri m ate
C o nser v ati o n 1 7 : 1 1 1 – 1 1 6.
F u e nt es  A. 2 0 0 2. M o n k e ys, h u m a ns, a n d p oliti cs i n t h e  Me nt a w ai isl a n ds: n o si m pl e s ol uti o ns i n
a c o m pl e x  w orl d. I n: F u e nt es  A,  W olf e L D, e ds. Pri m ates F ace t o F ace:  T he  C o nser v ati o n
I m plic ati o ns of  H u m a n a n d  N o n h u m a n Pri m ate I nterc o n necti o ns. P al o  Alt o,  C A,  U S A:  C a m bri d g e
U ni v ersit y Pr ess, 1 8 7 – 2 0 7.
F u e nt es  A. 2 0 1 2. Et h n o pri m at ol o g y a n d t h e a nt hr o p ol o g y of t h e h u m a n- pri m at e i nt erf a c e.
A n n u al  Re vie w of  A nt hr o p ol o g y 4 1( 1) : 1 0 1 – 1 1 7 D OI 1 0. 1 1 4 6/ a n n ur e v- a nt hr o- 0 9 2 6 1 1- 1 4 5 8 0 8 .
G a m b a  M,  R a n d ri a n a ris o n  R M,  T o rt  V,  B o u n o us  G,  Z a b o r r a  C A,  R atsi m b a z af y J,  Gi a c o m a  C.
2 0 1 3. M ar o mi z a h a: c o ns er v ati o n a n d c o m m u nit y i n v ol v e m e nt. I n: S c h wit z er  C,
Mitt er m ei er  R A,  D a vi es  N, J o h ns o n S,  R atsi m b a z af y J,  R a z a ﬁ n dr a m a n a n a J, L o uis E E Jr,
R aj a o b eli n a S, e ds. Le m urs of  M a d a g asc ar:  A Str ate g y f or  T heir  C o ns er v ati o n 2 0 1 3 – 2 0 1 6 . Brist ol:
I U C N S S C Pri m at e S p e ci alist  Gr o u p, Brist ol  C o ns er v ati o n a n d S ci e n c e F o u n d ati o n, a n d
C o ns er v ati o n I nt er n ati o n al, 1 5 5 – 1 5 6.
G a r ci a L C,  Ri b ei r o  D B,  Oli v ei r a- R o q u e F,  O c h o a- Q ui nt e r o J M, L a u r a n c e  W F. 2 0 1 7. Br a zil’s
w orst  mi ni n g dis ast er: c or p or ati o ns  m ust b e c o m p ell e d t o p a y t h e a ct u al e n vir o n m e nt al c osts.
Ec ol o gic al  A p plic ati o ns 2 7( 1) : 5 – 9 D OI 1 0. 1 0 0 2/ e a p. 1 4 6 1 .
G a r cı ´a- Ull o a J,  K o h L P. 2 0 1 6. P a y m e nt f or e c os yst e m s er vi c es t h e r ol e of  R E D D + i n pri m at e
c o ns er v ati o n. I n:  Wi c h S A,  M ars h al  AJ, e ds. A n I ntr o d ucti o n t o Pri m ate  C o nser v ati o n .  O xf or d:
O xf or d  U ni v ersit y Pr ess, 2 5 7 – 2 6 8.
G a r d n e r  CJ,  D a vi es  Z G. 2 0 1 4. R ur al b us h m e at c o ns u m pti o n  wit hi n  m ulti pl e- us e pr ot e ct e d ar e as:
q u alit ati v e e vi d e n c e fr o m s o ut h w est  M a d a g as c ar. H u m a n Ec ol o g y 4 2( 1) : 2 1 – 3 4
D OI 1 0. 1 0 0 7/s 1 0 7 4 5- 0 1 3- 9 6 2 9- 1 .
G a v e a u  D L, E pti n g  AJ, L y n e  O, Li n ki e  M,  K u m a r a I,  K a n ni n e n  M, L e a d e r- Willi a ms  N. 2 0 0 9.
E v al u ati n g  w h et h er pr ot e ct e d ar e as r e d u c e tr o pi c al d ef or est ati o n i n S u m atr a. J o ur n al of
Bi o ge o gr a p h y 3 6( 1 1) : 2 1 6 5 – 2 1 7 5 D OI 1 0. 1 1 1 1/j. 1 3 6 5- 2 6 9 9. 2 0 0 9. 0 2 1 4 7. x .
G a v e a u  D,  Wi c h S A,  M a rs h all  AJ. 2 0 1 6. Ar e pr ot e ct e d ar e as c o ns er vi n g pri m at e h a bit at i n
I n d o n esi a? I n:  Wi c h S A,  M ars h al  AJ, e ds. A n I ntr o d ucti o n t o Pri m ate  C o nser v ati o n .  O xf or d,  U K:
O xf or d  U ni v ersit y Pr ess, 1 9 3 – 2 0 0.
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 4 4/ 5 7
G a vi n L. 2 0 1 7. R e b elli o n a n d c o n ﬂi ct  mi n er als i n  N ort h  Ki v u. C o n ﬂict  Tre n ds 1 : 1 3 – 1 9.
Gl o b al F o r est  Wat c h ( G F W). 2 0 1 8. Gl o b al F or est  Wat c h. Av ail a ble at htt p:// w w w.
gl o b alf orest w atc h. or g/c o u ntr y/ C O D .
Gil a r di  K,  Gill es pi e  T, L e e n d e rt z F,  M a c ﬁ e E,  Tr a vis  D,  W hitti e r  C,  Willi a ms o n E. 2 0 1 5. B est
pr a cti c e g ui d eli n es f or h e alt h  m o nit ori n g a n d dis e as e c o ntr ol i n gr e at a p e p o p ul ati o ns (I U C N/
S S C Pri m at e S p e ci alist  Gr o u p). Av ail a ble at htt p:// w w w. pri m ate-s g. or g/ best _ pr actice _ dise as e .
G ol d e n  C D. 2 0 0 9. B us h m e at h u nti n g a n d us e i n t h e  M a kir a F or est, n ort h- e ast er n  M a d a g as c ar:
a c o ns er v ati o n a n d li v eli h o o ds iss u e. Or y x 4 3( 3) : 3 8 6 – 3 9 2 D OI 1 0. 1 0 1 7/s 0 0 3 0 6 0 5 3 0 9 0 0 0 1 3 1 .
G ol d e n  C D,  G u pt a  A C,  Vaitl a  B,  M y e rs S S. 2 0 1 6. E c os yst e m s er vi c es a n d f o o d s e c urit y: ass essi n g
i n e q u alit y at c o m m u nit y, h o us e h ol d a n d i n di vi d u al s c al es. E n vir o n me nt al  C o nser v ati o n
4 3( 4) : 3 8 1 – 3 8 8 D OI 1 0. 1 0 1 7/s 0 3 7 6 8 9 2 9 1 6 0 0 0 1 6 3 .
G ol ds mit h P,  C o h n  A. 2 0 1 7. C o m m er ci al a gri c ult ur e i n tr o pi c al e n vir o n m e nts. Tr o pic al
C o nser v ati o n Scie nce 1 0 : 1 9 4 0 0 8 2 9 1 7 7 2 7 9 9 D OI 1 0. 1 1 7 7/ 1 9 4 0 0 8 2 9 1 7 7 2 7 9 9 4 .
G o r e  M L,  R at si m b a z af y J, L ut e  M L. 2 0 1 3. R et hi n ki n g c orr u pti o n i n c o ns er v ati o n cri m e: i nsi g hts
fr o m  M a d a g as c ar. C o nser v ati o n Letters 6( 6) : 4 3 0 – 4 3 8 D OI 1 0. 1 1 1 1/ c o nl. 1 2 0 3 2 .
G o u el  C,  H o uss ei n  G. 2 0 1 7. N utriti o n tr a nsiti o n a n d t h e str u ct ur e of gl o b al f o o d d e m a n d ( A pril 7,
2 0 1 7). I F P RI  Dis c ussi o n P a p er 1 6 3 1. Av ail a ble at htt ps://ssr n.c o m/ a bstr act = 2 9 5 0 5 2 4 .
G o ul d L, S a ut h e r  M L. 2 0 1 6. G oi n g, g oi n g, g o n e : : : Is t h e i c o ni c ri n g-t ail e d l e m ur (Le m ur c att a )
h e a d e d f or i m mi n e nt e xtir p ati o n? Pri m ate  C o ns er v ati o n 3 0 : 8 9 – 1 0 1.
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D OI 1 0. 3 2 0 1/ ei d 1 7 0 7. 1 0 0 3 3 3 .
L o n gl e y  A. 2 0 1 8. B of A s e es oil d e m a n d Pe a ki n g b y 2 0 3 0 as el e ctri c v e hi cl es b o o m. I n: Bl o o m b er g
Tec h n ol o g y . Av ail a ble at htt ps:// w w w. bl o o m ber g.c o m/ ne ws/ articles/ 2 0 1 8- 0 1- 2 2/ b of a-s ees- oil-
de m a n d- pe a ki n g- b y- 2 0 3 0- as-electric- ve hicles- b o o m .
L o u c ks  C,  M as ci a  M B,  M a x w ell  A,  H u y  K,  D u o n g  K,  C h e a  N, L o n g  B,  C o x  N, S e n g  T. 2 0 0 9.
Wil dlif e d e cli n e i n  C a m b o di a, 1 9 5 3 – 2 0 0 5: e x pl ori n g t h e l e g a c y of ar m e d c o n ﬂi ct. C o nser v ati o n
Letters 2( 2) : 8 2 – 9 2 D OI 1 0. 1 1 1 1/j. 1 7 5 5- 2 6 3 x. 2 0 0 8. 0 0 0 4 4. x .
M ais els F,  N k u m u P,  B o n y e n g e  A. 2 0 0 9. S al o n g a  N ati o n al P ar k,  De m ocr atic  Re p u blic of  C o n g o:
Terrestri al  Wil dlife a n d  H u m a n I m p act  M o nit ori n g Pr o gr a m me . S ur v e y  R e p ort — S al o n g a
C orri d or.  Ki ns h as a:  Wil dlif e  C o ns er v ati o n S o ci et y.
M al hi  Y,  R o b e rts J T,  B etts  R A,  Kill e e n  TJ, Li  W,  N o b r e  C A. 2 0 0 8. Cli m at e c h a n g e, d ef or est ati o n,
a n d t h e f at e of t h e  A m a z o n. Scie nce 3 1 9( 5 8 6 0) : 1 6 9 – 1 7 2 D OI 1 0. 1 1 2 6/s ci e n c e. 1 1 4 6 9 6 1 .
M a n c h e ri  N A, S p r e c h e r  B,  D e et m a n S,  Y o u n g S B,  Bl eis c h wit z  R,  D o n g L,  Kl eij n  R,  T u k k e r  A.
2 0 1 8. R esili e n c e i n t h e t a nt al u m s u p pl y c h ai n. Res o urces,  C o nser v ati o n a n d  Rec ycli n g 1 2 9 : 5 6 – 6 9
D OI 1 0. 1 0 1 6/j.r es c o nr e c. 2 0 1 7. 1 0. 0 1 8 .
M a r g o n o  A B,  T u r u b a n o v a S,  Z h u r a vl e v a I, P ot a p o v P,  T y u k a vi n a  A,  B a c ci ni  A,  G o et z S,
H a ns e n  M C. 2 0 1 2. M a p pi n g a n d  m o nit ori n g d ef or est ati o n a n d f or est d e gr a d ati o n i n
S u m atr a (I n d o n esi a) usi n g L a n ds at ti m e s eri es d at a s ets fr o m 1 9 9 0 t o 2 0 1 0. E n vir o n me nt al
Rese arc h Letters 7( 3) : 1 – 1 6 D OI 1 0. 1 0 8 8/ 1 7 4 8- 9 3 2 6/ 7/ 3/ 0 3 4 0 1 0 .
M as ci a  M B, P aill e r S,  K rit hi v as a n  R,  R os h c h a n k a  V,  B u r ns  D,  Ml ot h a  MJ,  M u r r a y  D R, P e n g  N.
2 0 1 4. Pr ot e ct e d ar e a d o w n gr a di n g, d o w nsi zi n g, a n d d e g a z ett e m e nt ( P A D D D) i n  Afri c a,  Asi a,
a n d L ati n  A m eri c a a n d t h e  C ari b b e a n, 1 9 0 0 – 2 0 1 0. Bi ol o gic al  C o nser v ati o n 1 6 9 : 3 5 5 – 3 6 1
D OI 1 0. 1 0 1 6/j. bi o c o n. 2 0 1 3. 1 1. 0 2 1 .
M c L e n n a n  M R, S p a g n ol etti  N,  H o c ki n gs  KJ. 2 0 1 7. T h e i m pli c ati o ns of pri m at e b e h a vi or al
ﬂ e xi bilit y f or s ust ai n a bl e h u m a n – pri m at e c o e xist e n c e i n a nt hr o p o g e ni c h a bit ats. I nter n ati o n al
J o ur n al of Pri m at ol o g y 3 8( 2) : 1 0 5 – 1 2 1 D OI 1 0. 1 0 0 7/s 1 0 7 6 4- 0 1 7- 9 9 6 2- 0 .
M c N e el y J A. 2 0 0 3. C o ns er vi n g f or est bi o di v ersit y i n ti m es of vi ol e nt c o n ﬂi ct. Or y x 3 7( 2) : 1 4 2 – 1 5 2
D OI 1 0. 1 0 1 7/s 0 0 3 0 6 0 5 3 0 3 0 0 0 3 3 4 .
M eij a a r d E,  B u c h o ri  D,  H a di p r a k a rs a  Y,  Ut a mi- At m o k o S S,  N u r c a h y o  A,  Tji u  A, P r as et y o  D,
N a r di y o n o L C,  A n c r e n a z  M,  A b a di F,  A nt o ni I N G,  A r m a y a di  D,  Di n at o  A, Ell a P G, I n d r a w a n
T P,  K uss a rit a n o  C M, Pri y o n o  C W P, P u r w a nt o  Y, P us pit as a ri  D, P ut r a  M S W,  R a h m at  A,
R a m a d a ni  H, S a m m y J, Sis w a nt o  D, S y a ms u ri  M,  A n d a y a ni  N,  W u  H,  Wells J A,
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 4 8/ 5 7
M e n g e rs e n  K. 2 0 1 1. Q u a ntif yi n g killi n g of or a n g ut a ns a n d h u m a n- or a n g ut a n c o n ﬂi ct i n
K ali m a nt a n, I n d o n esi a. P L O S  O N E 6( 1 1) : e 2 7 4 9 1 D OI 1 0. 1 3 7 1/j o ur n al. p o n e. 0 0 2 7 4 9 1 .
M eij a a r d E,  Nij m a n  V. 2 0 0 0. Distri b uti o n a n d c o ns er v ati o n of t h e pr o b os cis  m o n k e y
(N as alis l ar v at us ) i n  K ali m a nt a n, I n d o n esi a. Bi ol o gic al  C o nser v ati o n 9 2( 1) : 1 5 – 2 4
D OI 1 0. 1 0 1 6/s 0 0 0 6- 3 2 0 7( 9 9) 0 0 0 6 6- x .
M eij a a r d E,  Nij m a n  V. 2 0 0 3. Pri m at e h ots p ots o n B or n e o: pr e di cti v e v al u e f or g e n er al
bi o di v ersit y a n d t h e eff e cts of t a x o n o m y. C o nser v ati o n Bi ol o g y 1 7( 3) : 7 2 5 – 7 3 2
D OI 1 0. 1 0 4 6/j. 1 5 2 3- 1 7 3 9. 2 0 0 3. 0 1 5 4 7. x .
M el o F R. 2 0 1 6. H o w dif ﬁ c ult a n d h o w i m p ort a nt is t o  m a n a g e e n d a n g er e d s p e ci es i n t h e  wil d?
I n: X X VIt h  C o n gress of t he I nter n ati o n al Pri m at ol o gic al S ociet y a n d 3 9t h  meeti n g of t he  A meric a n
S ociet y of Pri m at ol o gists, 2 0 1 6,  C hic a g o, I L,  U S A. A S P/I P S 2 0 1 6  C hi c a g o S ci e nti ﬁ c Pr o gr a m.
C hi c a g o,  U S A: I P S a n d  A S P, 2 0 1 6, 3 9 3 – 3 9 4.
M el o F R,  Te r ri bil e L C,  Oli v ei r a  G, Li m a- Ri b ei r o  M S, St ri e r  K B. 2 0 1 6. T h e ef ﬁ ci e n c y of  Atl a nti c
f or est c o ns er v ati o n ar e as t o pr es er v e t h e  N ort h er n  M uri q uis (Br ac h yteles h y p o x a nt h us ) i n a
c h a n gi n g cli m at e. I n: X X VIt h  C o n gress of t he I nter n ati o n al Pri m at ol o gic al S ociet y a n d 3 9t h
meeti n g of t he  A meric a n S ociet y of Pri m at ol o gists , 2 0 1 6,  C hic a g o, I L,  U S A. A S P/I P S 2 0 1 6  C hi c a g o
S ci e nti ﬁ c Pr o gr a m.  C hi c a g o,  U S A: I P S a n d  A S P, 2 0 1 6. v. 1, 4 0 0.
M e y e r  A L S, Pi e  M R, P ass os F C. 2 0 1 4. Ass essi n g t h e e x p os ur e of li o n t a m ari ns ( Le o nt o pit hec us
s p p.) t o f ut ur e cli m at e c h a n g e. A meric a n J o ur n al of Pri m at ol o g y 7 6( 6) : 5 5 1 – 5 6 2
D OI 1 0. 1 0 0 2/ aj p. 2 2 2 4 7 .
Mi nist e `r e d es  H y d r o c a r b ur es  D R C. 2 0 1 3. Oil e x pl or ati o n c o n c essi o ns i n t h e  D R C.
M a pf or E n v ori n me nt . Av ail a ble at htt ps:// m a pf ore n vir o n me nt. or g/l a yer/i nf o/ 1 8 4/ # 4. 1 7/- 1. 8 6/ 2 5. 2 6 .
Mitt e r m ei e r  R A, L o ui s E E J r,  Ri c h a r ds o n  M, S c h wit z e r  C, L a n g r a n d  O,  R yl a n ds  A B,  H a w ki ns F,
R aj a o b eli n a S,  R at si m b a z af y J,  R as ol o a ris o n  R,  R o os  C,  K a p p el e r P M,  M a c ki n n o n J. 2 0 1 0.
Le m urs of  M a d a g asc ar .  T hir d E diti o n.  Was hi n gt o n,  D. C.:  C o ns er v ati o n I nt er n ati o n al.
Mitt e r m ei e r  R A,  R o bl es  Gil P,  Mitt e r m ei e r  C G. 1 9 9 7. Me g a di versit y: E art h’s Bi ol o gic all y
We alt hiest  N ati o ns .  M e xi c o  Cit y:  C E M E X.
M oli n a ri o  G,  H a ns e n  M C, P ot a p o v P V. 2 0 1 5. F or est c o v er d y n a mi cs of s hifti n g c ulti v ati o n i n t h e
D e m o cr ati c  R e p u bli c of  C o n g o: a r e m ot e s e nsi n g- b as e d ass ess m e nt f or 2 0 0 0 – 2 0 1 0.
E n vir o n me nt al  Rese arc h Letters 1 0( 9) : 0 9 4 0 0 9 D OI 1 0. 1 0 8 8/ 1 7 4 8- 9 3 2 6/ 1 0/ 9/ 0 9 4 0 0 9 .
M oli n a ri o  G,  H a ns e n  M C, P ot a p o v P V,  T y u k a vi n a  A, St e h m a n S,  B a r k e r  B,  H u m b e r  M. 2 0 1 7.
Q u a nti ﬁ c ati o n of l a n d c o v er a n d l a n d us e  wit hi n t h e r ur al c o m pl e x of t h e  D e m o cr ati c  R e p u bli c
of  C o n g o. E n vir o n me nt al  Rese arc h Letters 1 2( 1 0) : 1 0 4 0 0 1 D OI 1 0. 1 0 8 8/ 1 7 4 8- 9 3 2 6/ a a 8 6 8 0 .
M o o r e  R S,  Wi h e r m a nt o,  N e k a ris  K AI. 2 0 1 4. C o m p assi o n at e c o ns er v ati o n, r e h a bilit ati o n a n d
tr a nsl o c ati o n of I n d o n esi a n sl o w l oris es. E n d a n ger e d S pecies  Rese arc h 2 6( 2) : 9 3 – 1 0 2
D OI 1 0. 3 3 5 4/ esr 0 0 6 2 0 .
M o r a n  D, P et e r s o n e  M,  Ve r o n es F. 2 0 1 6. O n t h e s uit a bilit y of i n p ut – O ut p ut a n al ysis f or
c al c ul ati n g pr o d u ct-s p e ci ﬁ c bi o di v ersit y f o ot pri nts. Ec ol o gic al I n dic at ors 6 0 : 1 9 2 – 2 0 1
D OI 1 0. 1 0 1 6/j. e c oli n d. 2 0 1 5. 0 6. 0 1 5 .
N d o y e  O,  C h u p e zi  Ti e g u h o n g J. 2 0 0 4. F or est r es o ur c es a n d r ur al li v eli h o o ds: t h e c o n ﬂi ct b et w e e n
ti m b er a n d n o n-ti m b er f or est pr o d u cts i n t h e  C o n g o B asi n. Sc a n di n a vi a n J o ur n al of F orest
Rese arc h 1 9(s u p 4) : 3 6 – 4 4 D OI 1 0. 1 0 8 0/ 1 4 0 0 4 0 8 0 4 1 0 0 3 4 0 4 7 .
N e k a ris  K AI. 2 0 1 6. T h e Littl e Fir ef a c e Pr oj e ct: c o m m u nit y c o ns er v ati o n of  Asi a’s sl o w
l oris es vi a e c ol o g y, e d u c ati o n, a n d e m p o w er m e nt. I n:  Wall er  M, e d. Et h n o pri m at ol o g y.
De vel o p me nts i n Pri m at ol o g y: Pr o gress a n d Pr os p ects .  N e w  Y or k: S pri n g er I nt er n ati o n al
P u blis hi n g, 2 5 9 – 2 7 2.
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 4 9/ 5 7
N e k a ris  K AI,  C a m p b ell  N,  C o g gi ns  T G,  R o d e EJ,  Nij m a n  V. 2 0 1 3. Ti c kl e d t o d e at h: a n al ysi n g
p u bli c p er c e pti o ns of ‘c ut e’ vi d e os of t hr e at e n e d s p e ci es (sl o w l oris es — N y cti c e b us s p p.) o n  We b
2. 0 sit es. P L O S  O N E 8( 7) : e 6 9 2 1 5 D OI 1 0. 1 3 7 1/j o ur n al. p o n e. 0 0 6 9 2 1 5 .
N e k a ris  K AI,  M c C a b e S, S p a a n  D,  Ali  MI,  Nij m a n  V. 2 0 1 8. A n o v el a p pli c ati o n of c ult ur al
c o ns e ns us  m o d els t o e v al u at e c o ns er v ati o n e d u c ati o n pr o gr a ms. C o nser v ati o n Bi ol o g y
3 2( 2) : 4 6 6 – 4 7 6 D OI 1 0. 1 1 1 1/ c o bi. 1 3 0 2 3 .
N e k a ris  K AI, S h e p h e r d  C R, St a r r  C R,  Nij m a n  V. 2 0 1 0. E x pl ori n g c ult ur al dri v ers f or  wil dlif e
tr a d e vi a a n et h n o pri m at ol o gi c al a p pr o a c h: a c as e st u d y of sl e n d er a n d sl o w l oris es (L oris a n d
N yctic e b us ) i n S o ut h a n d S o ut h e ast  Asi a. A meric a n J o ur n al of Pri m at ol o g y 7 2( 1 0) : 8 7 7 – 8 8 6
D OI 1 0. 1 0 0 2/ aj p. 2 0 8 4 2 .
N ell e m a n n  C,  R e d m o n d I,  R e ﬁs c h J, e ds. 2 0 1 0. T h e l ast st a n d of t h e  G orill a — e n vir o n m e nt al
Cri m e a n d  C o n ﬂi ct i n t h e  C o n g o B asi n.  A r a pi d r es p o ns e ass ess m e nt. Bir k el a n d  Tr y k k eri  A S,
U nit e d  N ati o ns E n vir o n m e nt Pr o gr a m m e,  N or w a y. Av ail a ble at htt p://st a gi n g. u ne p. or g/ p df/
G orill a St a n d _scr ee n. p df .
N e pst a d  D,  M c G r at h  D, Sti c kl e r  C,  Al e n c a r  A,  A z e v e d o  A, S w ett e  B,  B e z e r r a  T,  Di Gi a n o  M,
S hi m a d a J, S er o a d a  M ott a  R,  A r mij o E,  C ast ell o L,  Br a n d o P,  H a ns e n  M C,  M c Gr at h- H o r n  M,
C ar v al h o  O,  H ess L. 2 0 1 4. Sl o wi n g  A m a z o n d ef or est ati o n t hr o u g h p u bli c p oli c y a n d
i nt er v e nti o ns i n b e ef a n d s o y s u p pl y c h ai ns. Scie nce 3 4 4( 6 1 8 8) : 1 1 1 8 – 1 1 2 3
D OI 1 0. 1 1 2 6/s ci e n c e. 1 2 4 8 5 2 5 .
N e u d e rt  R,  G a n z h o r n J,  Wa¨ t z ol d F. 2 0 1 6. Gl o b al b e n e ﬁts a n d l o c al c osts —t h e dil e m m a of tr o pi c al
f or est c o ns er v ati o n: a r e vi e w of t h e sit u ati o n i n  M a d a g as c ar. E n vir o n me nt al  C o nser v ati o n
4 4( 1) : 8 2 – 9 6 D OI 1 0. 1 0 1 7/s 0 3 7 6 8 9 2 9 1 6 0 0 0 5 5 2 .
N e u m a y e r E. 2 0 0 1. Gree ni n g  Tr a de a n d I n vest me nt: E n vir o n me nt al Pr otecti o n  Wit h o ut
Pr otecti o nis m . L o n d o n,  N e w L o n d o n a n d St erli n g: E art hs c a n P u bli c ati o n L T D.
N e u m a y e r E. 2 0 1 7. E n vir o n m e nt a n d tr a d e. I n:  D o u gl as  R, e d. I nter n ati o n al E nc ycl o pe di a of
Ge o gr a p h y .  N e w  Y or k:  Wil e y Pr ess, 1 – 7.
N e w m a r k  W D, J e n ki ns  C N, Pi m m S L,  M c N e all y P B,  H all e y J M. 2 0 1 7. Tar g et e d h a bit at
r est or ati o n c a n r e d u c e e xti n cti o n r at es i n fr a g m e nt e d f or ests. Pr ocee di n gs of t he  N ati o n al
Ac a de m y of Scie nces of t he  U nite d St ates of  A meric a 1 1 4( 3 6) : 9 6 3 5 – 9 6 4 0
D OI 1 0. 1 0 7 3/ p n as. 1 7 0 5 8 3 4 1 1 4 .
Nij m a n  V. 2 0 1 7. Or a n g ut a n tr a d e, c o n ﬁs c ati o ns, a n d l a c k of pr os e c uti o ns i n I n d o n esi a.
A meric a n J o ur n al of Pri m at ol o g y 7 9( 1 1) : e 2 2 6 5 2 D OI 1 0. 1 0 0 2/ aj p. 2 2 6 5 2 .
Nij m a n  V,  N e k a ris  K AI,  D o n ati  G,  B r uf o r d  M W, F a J. 2 0 1 1. Pri m at e c o ns er v ati o n:  m e as uri n g
a n d  miti g ati n g tr a d e i n pri m at es. E n d a n gere d S pecies  Rese arc h 1 3( 2) : 1 5 9 – 1 6 1
D OI 1 0. 3 3 5 4/ esr 0 0 3 3 6 .
Nij m a n  V, S p a a n  D,  R o d e- M a r g o n o EJ,  N e k a ris  K AI. 2 0 1 7. C h a n g es i n t h e pri m at e tr a d e i n
I n d o n esi a n  wil dlif e  m ar k ets o v er a 2 5- y e ar p eri o d: f e w er a p es a n d l a n g urs,  m or e  m a c a q u es, a n d
sl o w l oris es. A meric a n J o ur n al of Pri m at ol o g y 7 9 : e 2 2 5 1 7 D OI 1 0. 1 0 0 2/ aj p. 2 2 5 1 7 .
N u n˜ e z-It u r ri  G,  Ols s o n  O,  H o w e  H F. 2 0 0 8. H u nti n g r e d u c es r e cr uit m e nt of pri m at e- dis p ers e d
tr e es i n  A m a z o ni a n Per u. Bi ol o gic al  C o nser v ati o n 1 4 1( 6) : 1 5 3 6 – 1 5 4 6
D OI 1 0. 1 0 1 6/j. bi o c o n. 2 0 0 8. 0 3. 0 2 0 .
N u n n  C L,  Alti z e r S. 2 0 0 6. I nfecti o us  Dise ases i n Pri m ates: B e h a vi or, Ec ol o g y a n d E v ol uti o n .
O xf or d:  O xf or d  U ni v ersit y Pr ess.
N u n n  C L,  Gill es pi e  T R. 2 0 1 6. I nf e cti o us dis e as e a n d pri m at e c o ns er v ati o n. I n:  Wi c h S A,
M ars h all  AJ, e ds. A n I ntr o d ucti o n t o Pri m ate  C o nser v ati o n .  O xf or d:  O xf or d  U ni v ersit y Pr ess,
1 5 7 – 1 7 3.
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 5 0/ 5 7
O b o h  V U,  Ts u e P T. 2 0 1 0. A w ar e n ess of  HI V/ AI D S p a n d e mi c a m o n g r ur al f ar m ers i n  Va n d ei k y a
L o c al  G o v er n m e nt  Ar e a of B e n u e St at e,  Ni g eri a. St u dies o n Et h n o- Me dici ne 4( 3) : 1 8 3 – 1 8 9
D OI 1 0. 1 0 8 0/ 0 9 7 3 5 0 7 0. 2 0 1 0. 1 1 8 8 6 3 7 9 .
O v e r b e c k  G E,  B e r g all o  C,  G r ell e  C E V, F r e d d y  B r a v o  A A,  C olli  G R,  M a g n uss o n  W E,  M o r a es  W,
Wils o n F e r n a n d es  T G. 2 0 1 8. Gl o b al bi o di v ersit y t hr e at e n e d b y s ci e n c e b u d g et c uts i n Br a zil.
Bi o Scie nc e 6 8( 1) : 1 1 – 1 2 D OI 1 0. 1 0 9 3/ bi os ci/ bi x 1 3 0 .
P a c h e c o L F, Si m o n etti J A. 2 0 0 0. G e n eti c str u ct ur e of a  mi m os oi d tr e e d e pri v e d of its
s e e d dis p ers er, t h e s pi d er  m o n k e y. C o nser v ati o n Bi ol o g y 1 4( 6) : 1 7 6 6 – 1 7 7 5
D OI 1 0. 1 1 1 1/j. 1 5 2 3- 1 7 3 9. 2 0 0 0. 9 9 1 8 2. x .
P a ci ulli L M. 2 0 0 4. T h e eff e cts of l o g gi n g o n t h e d e nsiti es of t h e P a g ai,  M e nt a w ai Isl a n d pri m at es.
A meric a n J o ur n al of P h ysic al  A nt hr o p ol o g y 3 8 : 1 5 6.
P e r es  C A. 1 9 9 9. Gr o u n d ﬁr es as a g e nts of  m ort alit y i n a  C e ntr al  A m a z o ni a n f or est. J o ur n al of
Tr o pic al Ec ol o g y 1 5( 4) : 5 3 5 – 5 4 1 D OI 1 0. 1 0 1 7/s 0 2 6 6 4 6 7 4 9 9 0 0 0 9 9 1 .
P e r es  C A. 2 0 0 1. T h e ﬁr e n e xt ti m e.  T h e p ot e nti al f or a c at astr o p hi c bl a z e t hr e at e ns t h e  A m a z o n.
Ti me  M a g a zi ne, 8 J a n u ar y 2 0 0 1, 4 8.
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P ort er- B oll a n d L, Ellis E A,  G u ari g u at a  M R,  R ui z- M all e´n I,  N e g r et e- Ya n k el e vi c h S,  R e y es- G ar cı´a V.
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e xt e nt a n d c o ns er v ati o n i m pli c ati o ns. Or y x 5 0( 2) : 3 4 4 – 3 5 4 D OI 1 0. 1 0 1 7/s 0 0 3 0 6 0 5 3 1 4 0 0 0 7 4 x .
R o b bi ns  M M,  G r a y  M, F a w c ett  K A,  N utt e r F B,  U wi n g eli P,  M b u r a n u m w e I,  K a g o d a E,
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Le m urs of  M a d a g asc ar:  A Str ate g y f or  T heir  C o nser v ati o n 2 0 1 3 – 2 0 1 6 . Brist ol: I U C N S S C Pri m at e
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R a z a ﬁ n d r a m a n a n a J, L o uis E E,  C hi k hi L,  C ol q u h o u n I C,  Ti ns m a n J,  D ol c h  R, L a Fl e u r  M,
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J o ur n al of Pri m at ol o g y 2 9( 2) : 3 6 5 – 3 7 7 D OI 1 0. 1 0 0 7/s 1 0 7 6 4- 0 0 7- 9 1 7 7- x .
St r ass b u r g  B B N,  B r o o ks  T, F elt r a n- B a r bi e ri  R, I ri b a r r e m  A,  C r o u z eill es  R, L o y ol a  R, L at a wi e c
A E,  Oli v ei r a Fil h o FJ B, S c a r a m u z z a  C A d e M, S c a r a n o F R, S o a r es- Fil h o  B,  B al mf o r d  A. 2 0 1 7.
M o m e nt of tr ut h f or t h e  C err a d o h ots p ot. N at ure Ec ol o g y  & E v ol uti o n 1 : 0 0 9 9
D OI 1 0. 1 0 3 8/s 4 1 5 5 9- 0 1 7- 0 0 9 9 .
St ri e r  K B, P oss a m ai  C B,  Ta b a c o w F P, Pissi n atti  A, L a n n a  A M,  R o d ri g u es d e  M el o F,  M o r ei r a L,
Tl e bi  M,  B r e v es P,  M e n d es S L, J e r us ali n s k y L. 2 0 1 7. D e m o gr a p hi c  m o nit ori n g of  wil d  m uri q ui
p o p ul ati o ns: crit eri a f or d e ﬁ ni n g pri orit y ar e as a n d  m o nit ori n g i nt e nsit y. P L O S  O N E 1 2( 1 2) :
e 0 1 8 8 9 2 2 D OI 1 0. 1 3 7 1/j o ur n al. p o n e. 0 1 8 8 9 2 2 .
St ri n d b e r g S,  M ais els F,  Willi a ms o n E A,  Bl a k e S, St o k es EJ,  A b a’ a  R,  A bitsi  G,  A g b o r  A,  A m b a h e
R D,  B a k a b a n a P C,  B e c h e m  M,  B e rl e m o nt  A,  B o k ot o d e S e m b oli  B,  B o u n dj a P R,  B o ut  N,
B r e u e r  T,  C a m p b ell  G,  D e  Wa c ht e r P, Ell a  A k o u  M, Es o n o  M b a F, F eist n e r  A T C, F oss o  B,
F ots o  R,  G r e e r  D, I n k a m b a- N k ul u  C, I y e n g u et  C F, J eff e r y  KJ,  K o k a n g o y e  M,  K u¨ hl  H S,
L at o u r S,  M a d z o k e  B,  M a k o u m b o u  C,  M al a n d a  G- A F,  M al o n g a  R,  M b ol o  V,  M o r g a n  D B,
M ots a b a P,  M o u k al a  G,  M o w a w a  B S,  M u r ai  M,  N d z ai  C,  Nis hi h a r a  T,  N z o o h  Z, Pi nt e a L,
P o k e m p n e r  A,  R ai n e y  HJ,  R a y d e n  T,  R uf ﬂ e r  H, S a n z  C M,  T o d d  A,  Va nl e e u w e  H,  V os p e r  A,
Wa r r e n  Y,  Wil ki e  D S. 2 0 1 8. G u ns, g er ms, a n d tr e es d et er mi n e d e nsit y a n d distri b uti o n of
g orill as a n d c hi m p a n z e es i n  West er n E q u at ori al  Afri c a. Scie nc e  A d v a nces 4( 4) : e a ar 2 9 6 4
D OI 1 0. 1 1 2 6/s ci a d v. a ar 2 9 6 4 .
St r u e bi g  MJ, Fis c h e r  M,  G a v e a u  D L,  M eij a a r d E,  Wi c h S A,  G o n n e r  C, S y k es  R,  Wilti n g  A,
K r a m e r- S c h a dt S. 2 0 1 5. A nti ci p at e d cli m at e a n d l a n d- c o v er c h a n g es r e v e al r ef u g e ar e as f or
B or n e o’s or a n g- ut a ns. Gl o b al  C h a n ge Bi ol o g y 2 1( 8) : 2 8 9 1 – 2 9 0 4 D OI 1 0. 1 1 1 1/ g c b. 1 2 8 1 4 .
S u p ri at n a J,  D wi y a h r e ni  A A,  Wi n a r ni  N,  M a ri ati S,  M a r g ul es  C. 2 0 1 7. D ef or est ati o n of pri m at e
h a bit at o n S u m atr a a n d a dj a c e nt isl a n ds, I n d o n esi a. Pri m ate  C o nser v ati o n 3 1 : 7 1 – 8 2.
S v e n s s o n  M S, S h a n e e S, S h a n e e  N,  B a n ni st e r F B,  C e r v e r a L,  D o n ati  G,  H u c k  M,
J e r u s ali n s k y L, J u a r e z  C P,  M al d o n a d o  A M,  M olli n e d o J M,  M e´ n d e z- C a r v aj al  P G,
M oli n a  A r g a n d o n ˜ a  M A,  M oll o  Vi n o  A D,  N e k a ri s  K A, P e c k  M,  R e y- G o y e n e c h e J, S p a a n  D,
Nij m a n  V. 2 0 1 6. Dis a p p e ari n g i n t h e ni g ht: a n o v er vi e w o n tr a d e a n d l e gisl ati o n of ni g ht
m o n k e ys i n S o ut h a n d  C e ntr al  A m eri c a. F oli a Pri m at ol o gic a 8 7( 5) : 3 3 2 – 3 4 8
D OI 1 0. 1 1 5 9/ 0 0 0 4 5 4 8 0 3 .
Tal e bi  M G,  M el o F R,  Di as L G,  C u n h a  A A,  M e n d es S L,  B r e v es P, J e r us ali ns k y L. 2 0 1 1.
C o nt e xt u ali z a c¸ a˜o s o br e Br ac h yteles ar ac h n oi des e Br ac h yteles h y p o x a nt h us . I n: J er us ali ns k y L,
Tal e bi  M,  M el o F R, e ds. Pl a n o de  Ac¸ a˜ o  N aci o n al p ar a a c o nser v ac¸ a˜ o d os  m uri q uis. V ol. 1 1.
Br ası´li a: I nstit ut o  C hi c o d e  C o ns er v a c¸ a˜o d a  Bi o di v ersi d a d e —I C M Bi o, S e´ ri e Es p e´ci es
A m e a c¸ a d as, 1 6 – 6 1.
Ta n e nt z a p  AJ, L a m b  A,  Wal k e r S, F a r m e r  A. 2 0 1 5. R es ol vi n g c o n ﬂi cts b et w e e n
a gri c ult ur e a n d t h e n at ur al e n vir o n m e nt. P L O S Bi ol o g y 1 3( 9) : e 1 0 0 2 2 4 2
D OI 1 0. 1 3 7 1/j o ur n al. p bi o. 1 0 0 2 2 4 2 .
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 5 4/ 5 7
Ta u b e rt F, Fi s c h e r  R,  G r o e n e v el d J, L e h m a n n S,  M u¨ ll e r  M S,  R o¨di g  E,  Ei g a n  T,  H ut h  A.
2 0 1 8. Gl o b al p att er ns of tr o pi c al f or est fr a g m e nt ati o n. N at ur e 5 5 4( 7 6 9 3) : 5 1 9 – 5 2 2
D OI 1 0. 1 0 3 8/ n at ur e 2 5 5 0 8 .
Tr a n q uilli S,  A b e di- L a rt e y  M,  A msi ni F,  A r r a n z L,  As a m o a h  A,  B a b af e mi  O,  B a r a k a b u y e  N,
C a m p b ell  G,  C h a n c ell o r  R,  D a v e n p o rt  T R B,  D u n n  A,  D u p ai n J, Ellis  C, Et o g a  G, F u r ui c hi  T,
G atti S,  G hi ur g hi  A,  G r e e n g r ass E,  H as hi m ot o  C,  H art J,  H e r bi n g er I,  Hi c ks  T C,  H ol b e c h L H,
H uij br e gts  B, I m o n g I,  K u m p el  N,  M ais els F,  M a rs h all P,  Ni x o n S,  N o r m a n d E,  N zi g u yi m p a L,
N z o o h- D o g m o  Z,  Ti k u  O k o n  D, Pl u m ptr e  A,  R u n d us  A, S u n d erl a n d- G r o v es J,  T o d d  A,
Wa r r e n  Y,  M u n dr y  R,  B o es c h  C,  K u e hl  H. 2 0 1 2. L a c k of c o ns er v ati o n eff ort r a pi dl y i n cre as es
Afri c a n gre at a p e e xti n cti o n ris k. C o nser v ati o n Letters 5( 1) : 4 8 – 5 5
D OI 1 0. 1 1 1 1/j. 1 7 5 5- 2 6 3 x. 2 0 1 1. 0 0 2 1 1. x .
Til m a n  D,  Cl a r k  M. 2 0 1 4. Gl o b al di ets li n k e n vir o n m e nt al s ust ai n a bilit y a n d h u m a n h e alt h.
N at ure 5 1 5( 7 5 2 8) : 5 1 8 – 5 2 2 D OI 1 0. 1 0 3 8/ n at ur e 1 3 9 5 9 .
Til m a n  D,  Cl a r k  M,  Willi a ms  D R,  Ki m m el  K, P ol as k y S, P a c k e r  C. 2 0 1 7. F ut ur e
t hr e ats t o bi o di v ersit y a n d p at h w a ys t o t h eir pr e v e nti o n. N at ure 5 4 6( 7 6 5 6) : 7 3 – 8 1
D OI 1 0. 1 0 3 8/ n at ur e 2 2 9 0 0 .
Ti m p e  K,  K a pl a n  D. 2 0 1 7. T h e c h a n gi n g h y dr ol o g y of a d a m m e d  A m a z o n. Scie nce  A d v a nces
3( 1 1) : e 1 7 0 0 6 1 1 D OI 1 0. 1 1 2 6/s ci a d v. 1 7 0 0 6 1 1 .
Tr a ns p a r e n c y I nt e r n ati o n al. 2 0 1 6. C orr u pti o n Perce pti o n I n de x . Av ail a ble at htt ps:// w w w.
tr a ns p are nc y. or g/ ne ws/fe at ure/c orr u pti o n _ perce pti o ns _i n de x _ 2 0 1 6 ( a c c ess e d 2 0  O ct o b er 2 0 1 7).
Ts c h a r nt k e  T,  Cl o u g h  Y,  Wa n g er  T C, J a c ks o n L,  M ot z k e I, P e rf e ct o I,  Va n d e r m e er J,  W hit b r e a d  A.
2 0 1 2. Gl o b al f o o d s e c urit y, bi o di versit y c o ns er v ati o n a n d t h e f ut ur e of a gri c ult ur al i nt e nsi ﬁ c ati o n.
Bi ol o gic al  C o nser v ati o n 1 5 1( 1) : 5 3 – 5 9 D OI 1 0. 1 0 1 6/j. bi o c o n. 2 0 1 2. 0 1. 0 6 8 .
T y u k a vi n a  A, St e h m a n S V, P ot a p o v P V,  T u r u b a n o v a S A,  B a c ci ni  A,  G o et z SJ, L a p o rt e  N T,
H o u g ht o n  R A,  H a ns e n  M C. 2 0 1 3. N ati o n al-s c al e esti m ati o n of gr oss f or est a b o v e gr o u n d
c ar b o n l oss: a c as e st u d y of t h e  D e m o cr ati c  R e p u bli c of t h e  C o n g o. E n vir o n me nt al  Rese arc h
Letters 8( 4) : 0 4 4 0 3 9 D OI 1 0. 1 0 8 8/ 1 7 4 8- 9 3 2 6/ 8/ 4/ 0 4 4 0 3 9 .
U N E S C O. 2 0 0 6. E d uc ati o n f or  All: Liter ac y f or Life . E F A  Gl o b al  M o nit ori n g  R e p ort 2 0 0 5, P aris.
U N E P- W C M C. 2 0 1 7. U nite d  N ati o ns E n vi or n me nt al Pr o gr a m- Worl d  C o nser v ati o n  M o nit ori n g
Ce nter . Av ail a ble at htt ps:// w w w. u ne p- wc mc. or g/ .
U N O D C. 2 0 1 3. Tr a ns n ati o n al or g a ni z e d cri m e i n E ast  Asi a a n d t h e P a ci ﬁ c. A  T hre at  Assess me nt
( U nite d  N ati o ns  Of ﬁce o n  Dr u gs a n d  Cri me,  Re gi o n al  Of ﬁce f or S o ut he ast  Asi a a n d t he P aci ﬁc) .
Av ail a ble at htt ps:// w w w. u n o dc. or g/ d oc u m e nts/ d at a- a n d- a n al ysis/ St u dies/ T O C T A _ E A P _ we b. p df .
U N O D C. 2 0 1 6. U nite d  N ati o ns  Of ﬁce o n  Dr u gs a n d  Cri me,  Worl d  Wil dlife  Cri me  Re p ort:  Tr af ﬁc ki n g
i n Pr otecte d S pecies ( U nite d  N ati o ns  Of ﬁce o n  Dr u gs a n d  Cri m e, 2 0 1 6). Av ail a ble at w w w. u n o dc.
or g/ d oc u me nts/ d at a- a n d- a n al ysis/ wil dlife/ Worl d _ Wil dlife _ Cri m e _ Re p ort _ 2 0 1 6 .
v a n  Gi n k el  H. 2 0 0 8. Ur b a n f ut ur e. N at ure 4 5 6( 1) : 3 2 – 3 3 D OI 1 0. 1 0 3 8/t w as 0 8. 3 2 a .
Va n  Vli et  N,  M es a  M P Q,  C r u z- A nti a  D, d e  A q ui n o LJ N,  M o r e n o J,  N asi  R. 2 0 1 4. T h e
u n c o v er e d v ol u m es of b us h m e at c o m m er ci ali z e d i n t h e  A m a z o ni a n trifr o nti er b et w e e n
C ol o m bi a, Per u a n d Br a zil. Et h n o bi ol o g y a n d  C o nser v ati o n 3 : 1 – 1 1
D OI 1 0. 1 5 4 5 1/ e c 2 0 1 4- 1 1- 3. 7- 1- 1 1 .
Va n  Vli et  N,  N e b ess e  C,  G a m b al e m o k e S,  A k ai b e  D,  N asi  R. 2 0 1 2. T h e b us h m e at  m ar k et i n
Kis a n g a ni,  D e m o cr ati c  R e p u bli c of  C o n g o: i m pli c ati o ns f or c o ns er v ati o n a n d f o o d s e c urit y.
Or y x 4 6( 2) : 1 9 6 – 2 0 3 D OI 1 0. 1 0 1 7/s 0 0 3 0 6 0 5 3 1 1 0 0 0 2 0 2 .
Vas c o n c el os P F C. 2 0 1 7. Yell o w f e v er. I n:  M ar c o n d es  C B, e d. Art hr o p o d B or ne  Dise ases .  N e w  Y or k:
S pri n g er, 1 0 1 – 1 1 3.
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 5 5/ 5 7
Vei g a J B, F o rt es  V B,  Bi c c a- M a r q u es J C. 2 0 1 4. P o p ul ati o n vi a bilit y a n al ysis of a br o w n h o wl er
m o n k e y  m et a p o p ul ati o n aft er a n o ut br e a k of y ell o w f e v er i n s o ut h er n Br a zil. I n: A bstr acts of t he
X X V  C o n gress of t he I nter n ati o n al Pri m at ol o gic al S ociet y , H a n oi, 3 0.
Ve nt e r  O, F ull e r  R A, S e g a n  D B,  C a r w a r di n e J,  B r o o ks  T,  B ut c h a rt S H M,  Di  M a r c o  M,
I w a m u r a  T, J os e p h L,  O’ G r a d y  D, P ossi n g h a m  H P,  R o n di ni ni  C, S mit h  RJ,  Ve nt e r  M,
Wats o n J E M. 2 0 1 4. Tar g eti n g gl o b al pr ot e ct e d ar e a e x p a nsi o n f or i m p eril e d bi o di v ersit y.
P L O S Bi ol o g y 1 2( 6) : e 1 0 0 1 8 9 1 D OI 1 0. 1 3 7 1/j o ur n al. p bi o. 1 0 0 1 8 9 1 .
Ve nt e r  O,  K o h L P. 2 0 1 2. R e d u ci n g e missi o ns fr o m d ef or est ati o n a n d f or est d e gr a d ati o n ( R E D D +):
g a m e c h a n g er or j ust a n ot h er q ui c k ﬁ x? A n n als of t he  Ne w Yor k  Ac a de m y of Scie nces
1 2 4 9( 1) : 1 3 7 – 1 5 0 D OI 1 0. 1 1 1 1/j. 1 7 4 9- 6 6 3 2. 2 0 1 1. 0 6 3 0 6. x .
Vill o ri a  N B,  G ol u b  A,  B y e rl e e  D, St e v e ns o n J. 2 0 1 3. Will yi el d i m pr o v e m e nts o n t h e f or est
fr o nti er r e d u c e gr e e n h o us e g as e missi o ns?  A gl o b al a n al ysis of oil p al m. A meric a n J o ur n al of
A gric ult ur al Ec o n o mics 9 5( 5) : 1 3 0 1 – 1 3 0 8 D OI 1 0. 1 0 9 3/ aj a e/ a at 0 3 4 .
V oi gt  M,  Wi c h S A,  C a m p b ell- S mit h  G,  G o oss e n s  B, Ll a n o S a n c h e z  K,  A n c r e n a z  M, d’ A r c y LJ,
H ei ni c k e S,  M a ki n u d di n  N,  M eij a a r d E,  D el g a d o  R D,  H o u g ht o n  M,  M ars h all  AJ,  A b r a m  N,
E r m a n  A,  H uss o n SJ,  M ei di dit  A,  B a n es  G L,  G a v e a u  D, L ei m a n  A,  Mi etti n e n J,  M u n d r y  R,
M us n a n d a  N a r di y o n o,  N u r c a h y o  A,  O d o m  K, P a n d a  A, Pr as et y o  D, P ri a dj ati  A, P u r n o m o,
R a ﬁ a st a nt o  A,  R uss o n  A E, S a nti k a  T, Si hit e J, S p e h a r S, St r u e bi g  M, S ul b a r a n- R o m e r o E,
Tji u  A,  Wells J,  Wils o n  K A,  K u¨ hl  H S. 2 0 1 8. Gl o b al d e m a n d f or n at ur al r es o ur c es eli mi n at e d
m or e t h a n 1 0 0, 0 0 0 B or n e a n or a n g ut a ns. C urre nt Bi ol o g y 2 8( 5) : 7 6 1 – 7 6 9. e 5
D OI 1 0. 1 0 1 6/j. c u b. 2 0 1 8. 0 1. 0 5 3 .
Wa e b e r P O,  Wil m e ´ L,  M e r ci e r J- R,  C a m a r a  C, L o w r y P P II. 2 0 1 6. H o w eff e cti v e h a v e t hirt y y e ars
of i nt er n ati o n all y dri v e n c o ns er v ati o n a n d d e v el o p m e nt eff orts b e e n i n  M a d a g as c ar? P L O S  O N E
1 1( 8) : e 0 1 6 1 1 1 5 D OI 1 0. 1 3 7 1/j o ur n al. p o n e. 0 1 6 1 1 1 5 .
We n g L,  B o e d hi h a rt o n o  A K,  Di r ks P H G M,  Di x o n J, L u bis  MI, S a y e r J A. 2 0 1 3. Mi n er al
i n d ustri es, gr o wt h c orri d ors a n d a gri c ult ur al d e v el o p m e nt i n  Afri c a. Gl o b al F o o d Sec urit y
2( 3) : 1 9 5 – 2 0 2 D OI 1 0. 1 0 1 6/j. gfs. 2 0 1 3. 0 7. 0 0 3 .
Wi c h S A,  G a r ci a- Ull o a J,  K u ¨ hl  H S,  H u ml e  T, L e e J S H,  K o h L P. 2 0 1 4. Will oil p al m’s h o m e c o mi n g
s p ell d o o m f or  Afri c a’s gr e at a p es? C urre nt Bi ol o g y 2 4( 1 4) : 1 6 5 9 – 1 6 6 3
D OI 1 0. 1 0 1 6/j. c u b. 2 0 1 4. 0 5. 0 7 7 .
Wi c h S A,  G a v e a u  D,  A b r a m  N,  A n c r e n a z  M,  B a c ci ni  A,  B r e n d S,  C u r r a n L,  D el g a d o  R A,
E r m a n  A, F r e d ri kss o n  G M,  G o o ss e ns  B,  H us s o n SJ, L a c k m a n I,  M ars h all  AJ,  N a o mi  A,
M oli d e n a E,  N a r di y o n o,  N u r c a h y o  A,  O d o m  K, P a n d a  A, P u r n o m o,  R a ﬁ ast a nt o  A,
R at n as a ri  D, S a nt a n a  A H, S a p a ri I, v a n S c h ai k  C P, Si hit e J, S p e h a r S, S a nt os o E, S u y o k o  A,
Tij u  A,  Us h e r  G,  Ut a mi  At m o k o S S,  Will e ms E P,  M eij a a r d E. 2 0 1 2. U n d erst a n di n g t h e i m p a cts
of l a n d- us e p oli ci es o n a t hr e at e n e d s p e ci es: is t h er e a f ut ur e f or t h e B or n e a n  Or a n g- ut a n? P L O S
O N E 7( 1 1) : e 4 9 1 4 2 D OI 1 0. 1 3 7 1/j o ur n al. p o n e. 0 0 4 9 1 4 2 .
Wi e d e r h olt  R, P ost E. 2 0 1 0. Tr o pi c al  w ar mi n g a n d t h e d y n a mi cs of e n d a n g er e d pri m at es.
Bi ol o g y Letters 6( 2) : 2 5 7 – 2 6 0 D OI 1 0. 1 0 9 8/rs bl. 2 0 0 9. 0 7 1 0 .
Wils o n  H B,  M eij a a r d E,  Ve nt e r  O,  A n c r e n a z  M, P ossi n g h a m  H P. 2 0 1 4. C o ns er v ati o n str at e gi es
f or or a n g ut a ns: r ei ntr o d u cti o n v ers us h a bit at pr es er v ati o n a n d t h e b e n e ﬁts of s ust ai n a bl y
l o g g e d f or est. P L O S  O N E 9( 7) : e 1 0 2 1 7 4 D OI 1 0. 1 3 7 1/j o ur n al. p o n e. 0 1 0 2 1 7 4 .
Wi n e mill e r  K,  M cI nt y r e P,  C ast ell o L, Fl u et- C h o ui n a r d E,  Gi a r ri z z o  T,  N a m S,  B ai r d I,
D a r w all  W, L uj a n  N,  H a r ris o n I, Sti as s n y  M L, Sil v a n o  R A, Fit z g e r al d  D B, P eli ci c e F M,
A g osti n h o  A A,  G o m es L C,  Al b e rt J S,  B a r a n E, P et r e r e  MJ r,  Z a r ﬂ  C,  M ulli g a n  M, S ulli v a n J P,
A r a nt es  C C, S o us a L M,  K o ni n g  A A,  H o ei n g h a us  DJ, S a b aj  M, L u n d b e r g J G,  A r m b r ust e r J,
T hi e m e  M L, P et r y P,  Z u a n o n J,  T o r r e nt e  Vil a r a  G, S n o e ks J,  O u  C,  R ai n b ot h  W, P a v a n elli  C S,
E str a d a et al. ( 2 0 1 8), P e er J ,  D OI 1 0. 7 7 1 7/ p e erj. 4 8 6 9 5 6/ 5 7
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